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NOTE. 

Thifl  report  consists  of  three  parts,  namely: 

Part  I.  Field  work,  classification  of  coals,  chemical  work  (pp.  1-300). 
Part  II.  Boiler  testa  (pp.  301-979). 

Part  III.  Producer-gas,  coking,  briquetting,  and  washing  tests  (pp.  981-1473). 
Part  I  contains  also  a  general  table  of  contents,  a  list  of  illostratioiiB,  and  an  introduction.     An 
index  to  the  report  appears  at  the  end  of  Part  III. 


PRODUCER-GAS  TESTS. 


By  Robert  H.  Feknald. 


INTRODUCTION. 

In  this  report  of  twenty-four  teste  upon  producer  gas,  the  aim  has  been  to 
present  the  information  obtained  in  such  form  that  those  interested  may  readily 
follow  the  different  steps  of  the  work.  As  few,  if  any,  data  have  been  found 
relating  to  the  methods  of  conducting  producer-gas  tests,  it  seems  desirable  to 
make  this  report  in  somewhat  elaborate  detail.  The  various  operations  and  calcu- 
lations are  therefore  presented  with  the  hope  that  they  will  not  only  assist  in  an 
understanding  of  the  report,  but  that  they  will  invite  such  careful  consideration 
and  just  criticism  as  may  lead  to  improvements  in  the  methods  of  conducting 
producer-gas  tests. 

EQUIPMENT. 

The  plant  installed  is  a  Taylor  pressure  gas  producer,  furnished  by  R.  D.  Wood 
&  Co.,  of  Philadelphia.  It  is  known  as  a  250-horsepower  producer-gas  power  plant. 
PI.  VIII  shows  the  general  arrangement  of  the  plant.  The  boiler  house,  directly 
in  the  rear,  was  erected  in  connection  with  the  boiler  and  steam-engine  trials  and 
is  not  directly  connected  with  the  producer-gas  plant.  At  the  extreme  right  in 
the  view  is  the  gas-engine  room.  The  exhaust  pipe  of  the  gas  engine  is  seen 
projecting  through  the  roof.  In  tigs.  104  and  105  are  shown  the  plans  and 
elevations  of  the  different  unite  of  the  plant,  as  well  as  the  general  dimensions. 

In  the  catalogue  published  by  R.  D.  Wood  &  Co.  the  specifications  given  for 
the  producer  are: 

"Gas  producer  with  rotative  ash  table;  design  A;  size,  No.  7;  inside  diameter 
of  brick  lining  or  jacket,  7  feet;  area  of  fuel  bed,  38.5  square  feet:  height  of  top 
of  casing,  15  feet." 

The  producer  consiste  of  an  iron  cylinder  8  feet  6  inches  in  internal  diameter 
and  15  feet  high.  The  upper  part  of  this  shell  is  lined  with  approximately  2,800 
wedge  fire  brick,  the  vertical  depth  of  this  lining  being  10  feet  3  inches.     The  space 
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between  the  brick  lining 
and  the  casing  is  filled 
with  sand.  Below  the 
brick  lining  is  a  perfora- 
ted conical  iron  bosh. 
This  bosh  extends  2  feet 
1  inch  below  the  brick 
lining.  Its  internal  di 
anieter  at  the  bottom  i.s 
5  feet.  The  perforations 
are  used  as  a  means  of 
breaking  up  the  ash  l^ed 
in  case  of  the  forma- 
tion of  clinkers.  Below 
c  the  bosh  is  a  revolving 
£•  ash  table,  which  is  of 
2^  greater  diameter  than  the 
I  bottom  of  the  bosh.  The 
I  ash,  descending  through 
the  bosh  to  the  revolv- 
ing table,  is  discharged 
uniformly  into  the  ash 
pit.  If  the  uniform  dis 
charge  of  the  ash  is  in 
any  way  prevented  so 
that  the  ash  bed  tends  to 
become  thicker  on  one 
side  than  on  the  other, 
bars  may  be  inserted 
just  above  the  ash  table, 
through  apei'tures  in  the 
ash- pit  casing,  to  cause  a 
more  rapid  falling  of  tlie 
ash  on  that  side  and  a 
consequent  evening  of 
the  ash-ljed  depth. 

As  is  shown  in  fig. 
106,    numerous    ' '  sight- 
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holes'"  are  located  from 
5  to  6  feet  above  the 
ground  level  to  give  op- 
portunity fof"  frequent 
inspection  of  the  condi- 
tions within  the  pro- 
ducer during  operation. 

The  blast  pipe 
passes  through  the  re- 
volving ash  table  and 
the  bosh.  This  pipe  is 
7  inches  in  internal  di- 
ameter as  it  enters  the 
ash  pit,  but  in  passing 
through  the  ash  table  is 
enlarged  to  10  inches. 
Its  upper  end  is  covered 
by  a  hood  to  assist  in 
the  uniform  distribution 
of  the  blast.  The  con- 
nection of  this  blast 
pipe  to  the  economizer 
is  shown  in  fig.  105. 

The  blast  for  this 
producer  is  furnished 
by  means  of  a  steam 
jet  blower,  the  steam 
being  drawn  from  the 
boilers  which  form  a 
portion  of  the  equip- 
ment of  the  testing 
plant.  Fig.  104  shows 
the  connection  of  this 
steam  line  to  the  blast 
pipe. 

Above  the  pro- 
ducer proper,  as  shown 
in  fig.  106,  are  the  coal 
hopper     and     feeding 
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devices.  The  de- 
scription of  these 
auxiliaries  to  the 
producer,  as  given 
by  R.  D.  Wood  & 
Co.,  is: 

''The  Bildt  con- 
tinuous  automatic 
feed,  as  its  name 
implies,  continuous- 
ly delivers  the  fuel 
in  a  steady  shower 
of  coal  in  controlled 
volume  from  the  de- 
flecting surfaces  of 
a  constantly  rotating 
distributer.  Being 
automatic,  it  elimi- 
nates any  possible 
negligence  on  the 
part  of  the  attend- 
ant in  supplying 
fuel,  and  as  it  re- 
ceives its  supply 
from  a  closed  stor- 
age magazine  above 
the  producer  it 
avoi4s  the  serious 
loss  of  gas  arising 
from  other  methods 
of  charging.  The 
storage  magazine  is 
of  large  capacity,  re- 
quiring to  })e  tilled 
at  longer  intervals 
than  usual,  and 
then,  as  stated,  with 
trifling,  if  any,  loss 
of  gas.  Thus  a 
great  saving  in  fuel 
and  labor  is  eflected, 
while  the  comfort 
and  health  of  the  at- 
tendant is  promoted. 


Fi(i.  106.— vScction  of  gas  producer. 
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"The  apparatus  consists  of  a  receiving  hopper  surmounting  the  main  storage 
magazine^  communication  between  the  two  being  regulated  b\'  a  horizontal  rotating 
register  or  grate  operated  h}'  a  lever. 

"  Below  the  main  magazine  is  suspended  the  distributing  plate,  its  inclosing 
shield  or  hood,  as  well  as  the  inverted  conical  base  of  the  magazine,  being  water 
cooled.  The  influence  of  the  cooling  water  and  the  location  of  the  plate  above  the 
gaseous  current  facilitates  the  discharge  of  strongly  caking  coals.  The  distributing 
plate  is  supported  by  a  steel  shaft  passing  upward  through  the  storage  cylinder  and 
suitably  guided,  as  shown.  At  the  upper  end  of  the  shaft,  above  the  supporting 
bracket,  a  worm  wheel  and  worm  impart  rotation  to  the  receiving  hopper,  which, 
through  its  radial  arms  and  hub  keyed  to  the  shaft,  revolves  the  distributer.  The 
hand-wheel  nut  upon  the  threaded  end  of  the  axis  affords  means  of  adjusting  the 
distance  between  the  distributing  plate  and  the  coal  reservoir.  By  such  adjustment 
and  by  variable  speed  (ranging  from  one  revolution  in  one  and  one-half  to  one 
revolution  in  six  minutes),  secured  through  step-cone  pulley,  the  rate  of  coal  dis- 
charge is  readily  controlled. 

"In  the  sides  of  the  magazine  are  holes  for  insertion  of  rod  or  for  inspection 
when  necessary.  The  lower  lip  of  the  dome  inclosing  the  distributing  plate  slips 
over  the  flange  or  rib  rising  from  inner  edge  of  the  top  plate,  the  joint  thus  formed 
being  sealed  by  the  water  lute. 

"  During  the  operation  of  the  producer  the  ash  bed  is  carried  suflSciently  high  (3 
to  4  feet  in  depth  above  the  revolving  bed)  to  prevent  contact  of  the  incandescent 
coal  with  the  iron  of  the  bosh.  This  brings  the  line  between  the  fuel  and  the  ash  a 
few  inches  above  the  hood  of  the  blast  pipe. 

"  In  constructing  this  particular  type  of  producer  the  object  has  been  to  secure 
the  five  following  conditions: 

"1.  A  continuous  and  automatic  feed;  the  former  for  regularity  and  uniformity 
of  gas  production  with  improved  qualit}',  the  latter  for  eliminating  negligence  of 
attendants. 

"  2.  A  deep  fuel  bed  carried  on  a  deep  bed  of  ashes;  the  first  to  make  good  gas, 
and  the  second  to  prevent  waste  of  fuel. 

"  3.  Blast  carried  by  conduit  through  the  ashes  to  the  incandescent  fuel. 

"4.  Visibility  of  the  ashes  and  accessibility  of  the  apparatus  for  their  removal, 
all  so  arranged  that  operator  can  see  what  he  is  doing. 

"5.  Level,  grateless  support  for  the  burden,  insuring  uniform  depth  of  fuel  at 
all  points,  and  consequent  uniformity  in  the  production  of  gas.'"* 

The  gas  leaves  the  producer  through  a  22-inch  pipe,  as  shown  in  fig.  106,  and 
passes  through  the  economizer. 

The  economizer  consists  of  an  iron  casing  3  feet  in  internal  diameter  and  16 
feet  6  inches  high,  containing  six  7-inch  tubes. 

The  gas  coming  from  the  producer  enters  a  chamber  at  the  top  of  the  econo- 
mizer through  a  21-inch  pipe  and  then  parses  downward  through  the  tubes  to  the 
water-sealed  chamber,  or  wash  box,  at  the  base.     Connected  to  this  chamber  are  a 
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tar  drip  and  water  overflow,  a^s  shown  in  figs.  104  and  105.  After  passing  into 
this  chamber  the  gas  goes  through  a  12-inch  pipe  directly  into  the  bottom  of  the 
scrubber. 

The  air  for  the  blast  enters  the  economizer  through  slides  near  the  bottom  of 
the  casing  and  passes  upward,  surrounding  the  tubes  and  absorbing  heat  from  the 
hot  gas  that  is  passing  downward  through  them.  The  heated  air  leaves  the  econo- 
.mizer  through  the  12-inch  opening  near  the  top  and  passes  into  the  blast  pipe,  as 
shown  in  tig.  105. 

The  scrubber,  an  iron  cylinder  8  feet  in  diameter  and  20  feet  in  height,  is  filled 
with  gas-house  coke,  which  is  constantly  flushed  with  water  during  the  operation  of 
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Fig.  107.— Gas  purifier. 


the  plant.     In  passing  through  the  scrubber  the  gas  is  partially  cleansed  before 
entering  the  tar  extractor. 

The  details  of  the  construction  of  the  tar  extractor  are  carefully  guarded 
by  the  manufacturers  of  the  producer.  It  resembles  in  outward  appearance  a 
centrifugal  pump.  As  the  gas  is  sent  through  the  extractor  the  tar  passes  down 
through  the  tar  drips  to  a  water-sealed  pit,  from  which  it  is  easily  removed.  A 
liberal  supply  of  water  is  used  during  this  part  of  the  process  of  purification. 
The  speed  of  rotation  of  the  ''fan"  in  the  tjir  extractor  is  of   vital  importance, 
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and  any  deviation  from  the  proper  speed  (1,500  revolutions  per  minute  in  case  of 
the  plant  under  considemtion)  seriously  affects  the  successful  working  of  the 
extractor,  particularly  if  the  variation  be  a  reduction  of  speed.  The  "fan"  in 
the  extractor  is  driven  by  a  10-horsepower  motor. 

From  the  tar  extractor  the  gas  passes  to  the  purifier,  an  iron  box  8  feet 
s()uare  and  3  feet  3  inches  in  height  (shown  in  fig.  107).  This  box  is  divided  into 
compartments  by  wooden  lattice  frames,  and  is  tilled  with  oxidized  iron  filings  and 
shavings  for  removing  the  sulphur  from  the  gas. 

Before  reaching  the  holder  the  gas  passes  another  tar  drip,  shown  in  figs. 
104,  105. 
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Fio.  108.— Plan  of  enfirine  room  of  producer-gas  plant. 

The  holder  is  a  receiver,  20  feet  in  diameter  and  13  feet  high,  of  4,000  cubic 
feet  capacity. 

Between  the  holder  and  the  gas  meter,  on  the  pipe  line  leading  to  the  engine, 
is  a  final  tar  drip  for  the  removal  of  any  traces  of  tar  that  may  have  escaped  cap- 
ture in  the  preceding  drips  and  extractors.  After  going  through  a  meter  of  30,000 
cubic  feet  per  hour  capacity,  the  gas  is  delivered  to  a  Ihree-cylinder  vertical 
Westinghouse  gas  engine,  as  shown  in  the  plan  of  the  engine  room,  fig.  108.  On 
the  pipe  line  leading  from  the  meter  to  the  engine  is  a  special  gas  regulator 
installed  by  the  Westinghouse  Machine  Company  in  connection  with  the  engine. 
(See  PI.  X.) 
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The  cylinders  of  the  engine  are  19  inches  in  diameter  and  22  inches  in  stroke. 
The  engine  makes  200  revolutions  per  minute  and  is  rated  at  235  brake  horsepower 
on  producer  gas. 

The  engine  is  belted  to  a  six-pole,  175-kilowatt  Westinghouse  direct-current 
generator,  as  indicated  in  fig.  108  and  as  shown  in  PI.  IX. 

The  load  on  the  generator  is  controlled  b\^  and  the  energy  developed  is  dissi- 
pated through  a  water  rheostat  constructed  especially  for  the  purpose.     In  spite 


Fig.  109.— Apparatus  used  to  determine  quantity  of  steam  used  by  producer. 

of  many  predictions  to  the  contrary,  this  rheostat  has  proved  so  efficient  that  a 
detailed  description  of  its  construction  will  be  given. 

As  seen  by  PI.  YII,  the  rheostat  is  located  outside  the  engine  room,  behind 
the  switch  board  and  about  25  feet  from  the  generator.  Of  the  two  rheostats 
shown  in  the  cut  the  one  on  the  left  is  used  in  connection  with  the  gas  engine 
and  the  one  on  the  right  in  connection  with  the  steam  engine.  This  left-hand 
rheostat  is  a  box,  open  at  the   top,  8  feet  2i  inches   long,  3  feet  4  inches  wide. 
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and  2  feet  6  inches  high,  built  of  2-inch  yellow  pine.  It  is  mounted  on  4-inch 
porcelain  insulators,  and  is  lined  on  the  inner  sides  and  bottom  with  26-gage 
sheet  steel.  Iron  lugs  are  riveted  to  the  top  of  the  side  plates,  which  are  con- 
nected to  the  negative  pole  of  the  generator  by  five  No.  0000  B.  &  S.  stranded 
cables.  The  center  plate  is  of  No.  10  gage  sheet  steel,  28  inches  by  96  inches. 
This  is  bolted  to  a  skeleton  frame  made  of  2  by  4  inch  yellow  pine.  This  "knife- 
blade"  is  hinged  at  one  end,  and  to  the  other  end  is  attached  a  hoisting  rope, 
which  is  wound  on  a  windlass  inside  of  the  building.  Thus  the  ''knife-blade" 
can  be  readily  raised  or  lowered  as  desired.  The  center  plate  is  connected  to  the 
positive  pole  of  the  generator,  but  the  plates  are  prevented  from  coming  in  con- 
tact by  two  2-inch  insulators  in  the  bottom  of  the  tank 

The  life  of  this  plate  is  about  450,000  ampere-hours,  but  its  construction  is 
simple  and  it  is  easily  replaced  when  destroyed. 

When  the  rheostat  is  in  operation  about  500  gallons  of  water  are  carried  in 
the  tank. 

Nearly  all  the  instruments  and  apparatus  used  in  connection  with  the  tests 
were  loaned  by  the  manufacturers  or  dealers.  These  instruments  are  all  of 
standard  form,  and  were  frequently  calibrated  at  the  National  Bureau  of  Stand- 
ards in  the  electricity  building,  World's  Fair  grounds. 

liOG  AND  REPORT  FORMS  USED. 

In  arranging  for  the  tests  of  the  gas-producer  division  of  the  testing  plant, 
no  forms  for  log  or  report  blanks  could  be  found.  It  was  therefore  necessary 
to  prepare  such  forms  as  would  best  serve  the  pui-pose  at  the  time.  These  blanks, 
with  such  slight  modifications  as  are  warranted  by  the  experience  of  the  last  few 
months,  are  presented  in  detail. 
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During  the  tirst  few  weeks  the  gas  producer  was  operated  under  the  direct 
supervision  of  Mr.  C.  W.  Lummis,  a  representative  of  R.  D.  Wood  &  Co.  Mr. 
Lummis  was  followed  by  Mr.  C.  O.  Nordensson,  also  from  R.  D.  Wood  &  Co., 
who  continued  in  charge  of  the  operations  of  the  producer  until  the  close  of  the 
tests.  The  gas  engine  has  been  run  by  Mr.  J.  G.  Culbertson,  a  representative  of 
the  Westinghouse  Machine  Company. 

The  observations  and  computations  have  been  made  by  a  crew  of  college  men, 
who  have  been  trained  in  various  technical  institutions  and  who  have  supplemented 
this  training  with  practical  experience.     The  men  employed  in  these  two  important 
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departments  are  Messrs.  R.  W.  Cummings,  H.  G.  Ecker,  H.  A.  Grine,  M.  H. 
Mount,  R.  E.  Peshak,  Kurt  Toensfeldt,  and  W.  C.  Weidmann. 

A  double-check  system  has  been  maintained  throughout  all  computations,  thus 
assuring  a  high  degree  of  accuracy.  The  operating  supei-vision  of  the  tests  has 
been  under  the  direct  control  of  Capt.  John  A.  Laird,  a  consulting  engineer  of 
St.  Louis. 

CONDITIONS  OF  CONDUCTIXG  TESTS. 

The  tests  were  begun  on  a  basis  of  a  total  of  tifty  hours  for  each  test.  The 
plant  was  operated  ten  hours  a  day  and  then  fires  were  banked  for  the  night,  the 
records  being  continued  the  next  morning.  This  permitted  one  test  a  week  onl3\ 
With  the  small  crew  at  command  it  seemed  to  be  the  best  possible  arrangement  and 
was  continued  for  the  first  two  tests.  It  was  then  thought  desirable  to  secure  double 
the  number  of  tests,  and  the  schedule  was  arranged  to  conduct  two  tests  per  week, 
each  of  thirty  consecutive  hours,  allowing  sufficient  time  between  tests  to  make  the 
necessary  change  of  fuel  and  to  enable  the  fuel  bed  in  the  producer  to  be  brought  to 
a  proper  working  condition. 

As  it  was  desired  to  test  as  many  coals  as  possible  during  the  few  weeks 
remaining  before  the  close  of  the  exposition,  the  highest  possible  economy  was  made 
a  secondary  consideration,  and  for  a  part  of  the  time  the  plant  was  run  with  a  leaky 
hopper  and  other  unfortunate  conditions,  which  naturally  impaired  its  efficienc}'. 

In  comparing  the  results  it  should  be  borne  in  mind  that  in  these  preliminary 
tests  the  object  has  been  to  demonstrate  the  possibility  of  using  these  coals  in  a 
producer,  and  not  to  show  how  efficiently  they  could  be  burned.  Although  the 
results  in  many  cases  have  been  highly  satisfactory,  there  is  no  question  that  in  a 
second  series  of  tests  upon  the  same  coals,  made  with  the  idea  of  showing  the 
greatest  economy,  the  amount  of  coal  used  per  horsepower  per  hour  will,  in  the 
majority  of  cases,  be  much  less. 

During  tests  Nos,  5  to  14,  inclusive,  the  hopper  of  the  gas  producer  leaked,  and 
considerable  gas  was  wasted,  thus  vitiating  to  a  small  but  undetermined  extent  the 
efficient  results  that  might  otherwise  be  shown  for  the  coals  tested  during  that 
period.  But  at  the  time  of  making  these  tests  it  was  not  practicable  to  stop  the 
operations  of  the  plant  for  repairs;  and  the  main  purpose  of  the  preliminary  tests 
being  to  determine  whether  the  coals  were  suitable  for  producer-gas  purposes,  it  was 
decided  to  proceed,  in  spite  of  the  leak  in  the  hopper,  and  to  repeat  later,  under  more 
favorable  conditions,  the  tests  for  relative  efficiency. 

Immediately  after  the  close  of  the  exposition,  it  having  been  decided  to 
continue  the  tests  for  some  weeks  longer,  the  plant  was  shut  down  in  order  to 
repair  the   leaking  hopper  and  to   prepare   for  cold  weather.      Operations  were 
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resumed  on  December  12  and  continued  to  December  22,  when  a  holiday  recess 
was  taken.  After  the  recess  the  tests  were  continued  through  the  month  of 
January.  In  all,  twenty-four  producer-gas  tests  were  made  during  the  period 
from  the  1st  of  October  to  the  Ist  of  February. 

DETAIIiS  OF  L.OG  OF  TEST. 

On  examining  the  logs  of  the  twenty -four  tests  which  form  the  basis  of  this 
report  it  will  be  noticed  that  some  of  the  items  of  minoi'  importance  called  for 
in  the  standard  log  sheets,  shown  on  pages  989  to  998,  have  been  omitted.  These 
omissions  were  found  necessary  in  these  preliminary  tests,  and  the  unused  columns 
of  the  log  sheets  have  consequently  been  dropped  in  tabulating  the  data  obtained 
from  these  twenty -four  tests. 

In  order  to  make  the  methods  employed  in  conducting  these  tests  perfectly 
clear,  it  is  deemed  wise  to  take  up  each  item  of  the  log  and  report  in  detail. 
The  analysis  of  the  log  sheets,  item  by  item,  is  presented  below. 

Item  i."  Time. — In  order  to  insure  accuracy  in  the  records  the  time  interval 
between  readings  was  made  short.  Although  the  tests  were  several  hours  in 
duration,  the  interval  between  readings  has  been  twenty  minutes. 

Item  2.  Coal  fired, — The  coal  for  use  in  the  producer  was  delivered  to  a 
platform  above  the  producer  by  a  Robins  belt  conveyor.  The  coal  was  then 
weighed  on  Fairbanks  scales  in  uniform  lots  of  300  pounds,  as  required  by  the 
producer  operator. 

A  covered  metal  sampling  can  was  kept  on  the  platform  and  a  small  shovelful 
of  coal  from  each  weighing  was  thrown  into  this  can.  At  the  close  of  a  thirty- 
hour  run  this  sample  amounted  to  about  100  pounds.  The  sample  was  then 
mixed  and  quartered  twice,  about  25  pounds  being  sent  to  the  chemical  laboratory 
for  analysis.     (For  details  of  this  work  see  Prof.  N.  W.  Lord's   report,  p.  174.) 

Item  3.  Gas-meter  readings. — The  gas  meter  used  was  furnished  by  the  Pitts- 
burg Meter  Company.  Its  capacity  was  30,000  cubic  feet  per  hour.  Readings  were 
taken  every  twenty  minutes.  The  meter  was  calibrated  by  comparing  the  meter 
reading  with  that  of  the  gas  holder,  which  had  been  carefully  measured. 

Itejn  4,.  Temperature  of  gas  at  meter. — Reference  to  PI.  X  will  show  the  loca- 
tion of  the  thermometer  in  the  6-inch  gas  main  at  the  entrance  to  the  meter.  This 
thermometer,  as  well  as  all  the  other  thermometers  about  the  plant  with  the  excep- 
tion of  those  used  at  the  gas  calorimeter,  was  furnished  by  the  Hohmann  &  Maurer 
Manufacturing  Company. 


a  The  numbers  of  the  items  correspond  to  those  appearing  at  the  heads  of  columns  in  the  logs  of  tests. 
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Item  5.  Water-meter  readhig. — The  quantity  of  water  used  in  the  scrubber  and 
tar  exti*actor  was  determined  as  a  matter  of  curiosity  and  interest  only,  but  has 
taken  no  part  in  the  results  of  the  tests. 

Itet/iH  6^  7.  Manometern^  Nos.  1  and  2, — In  order  to  determine  the  pressure 
under  which  the  gas  flowed  through  the  meter,  manometers  were  placed  as  shown 
in  fig.  108  (p.  987),  and  in  PI.  X.  No.  1  was  located  in  the  short  horizontal 
pipe  and  recorded  the  pressure  of  the  gas  before  entering  the  meter.  No.  2  was 
placed  in  the  vertical  pipe  just  above  the  meter  and  indicated  the  pressure  on  the 
delivery  side  of  the  meter.  This  manometer,  No.  2,  stood  between  the  meter  and 
the  engine.     The  pressure  in  both  cases  was  read  in  inches  of  water. 

Item  8.  Watt  meter. — The  watt  meter  was  used  for  recording  the  output  required 
by  the  auxiliary  motors  used  in  operating  the  plant.  One  motor  was  used  for 
running  the  automatic  fuel  feed  of  the  producer  and  the  other  for  operating  the 
tar  extractor. 

Item  9,  Ammeter, — As  a  check  on  the  watt  meter,  and  for  use  in  emergencies 
when  the  watt  meter  was  out  of  order,  an  ammeter  was  placed  on  the  line  running 
to  the  auxiliary  motors. 

The  voltage  was  taken  from  the  main-line  voltmeter,  as  indicated  in  item  12. 

Itemn  10^  11,  Speed  counters, — During  the  early  tests  two  Veeder  speed  counters 
were  attached  to  the  arms  which  operate  the  admission  valves.  As  the  admissions, 
in  case  of  the  engine  used,  are  positive,  the  counters  recorded  the  number  of 
admissions,  or  one-half  the  number  of  revolutions  of  the  engine.  Later  in  the 
season  a  special  Schaefer  &  Budenberg  speed  counter  with  electrical  attachment 
was  installed.  The  inconvenience  of  climbing  to  the  top  of  the  engine  every  twenty 
minutes  was  thus  avoided,  as  the  wires  were  so  run  that  the  electrical  counter  could 
be  located  in  the  office. 

Iteim  12^  IS,  Volts;  amperes, — A  Weston  portable  voltmeter  and  a  Westing- 
house  ammeter  were  used  to  determine  the  electrical  output  of  the  W^estinghouse 
generator  operated  by  the  gas  engine.     These  were  read  every  twenty  minutes. 

Ite?n  li.  Temperature  of  the  gas  leaving  tlui  irrcfducer, — This  temperature  was 
recorded  by  a  Le  Chatelier  pyrometer. 

ItemA  15,,  16.  Manometers, — The  pressure  of  the  air  entering  the  producer  was 
measured  in  inches  of  mercury.  That  of  the  gas  leaving  the  producer  was  measured 
in  inches  of  water.  These  two  readings  were  taken  as  a  matter  of  record  and 
interest  rather  than  for  use  in  the  immediate  deductions  made  in  the  report. 

Item^i  17^  18^  19.  TemperatareH  at  calorimHer, — The  calorimetric  determinations 
for  the  gas  were  made  by  means  of  a  Junker  calorimeter.  The  temperature  of  the 
gas  entering  the  calorimeter  was  taken  at  the  meter  used  with  the  calorimeter.  The 
temperatures  of  the  inlet  and  outlet  water  were  taken  at  the  places  provided  for 
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these  readings  in  the  construction  of  the  calorimeter  by  means  of  thermometers 
supplied  with  the  apparatus. 

Item  20.  Ouhie  centimeUra  of  water  collected, — The  water  passing  through  the 
calorimeter  was  delivered  to  and  measured  in  the  graduated  glass  provided  with  the 
calorimeter. 

Item  21.  Cubic  feet  of  gas. — The  gas  passing  through  the  calorimeter  was  meas- 
ured by  means  of  a  Goodwin  experimental  meter,  supplied  by  the  American  Meter 
Company.     This  meter  reads  to  0.001  cubic  foot. 

Iteifi  22.  B.  T.  U.^  as  read. — The  following  method  was  employed  for  deter- 
mining the   British  thermal  units  from   the   records  of  the  Junker  calorimeter: 

Multiply  the  diflference  between  the  temperatures  (^  C.)  of  the  outlet  and 
inlet  water  by  the  number  of  cubic  centimeters  of  water  collected  in  a  given  time. 
Divide  this  result  by  the. number  of  cubic  feet  of  gas  passing  through  the  meter 
in  the  same  time.  The  result  is  the  number  of  calories  per  cubic  foot  of  gas 
at  the  time  of  the  readings.  To  convert  the  result  into  British  thermal  units, 
multiply  the  number  of  calories  by  3.968. 

Expressed  in  terms  of  the  corresponding  items  the  formula  is: 

(Item  19— item  18)Xitem  20     „  ^^^     „  .,.  ,    ,,  ,       .. 

^ itenr21 X  3. 968= British  thermal  units. 

The  water  of  condensation  was  not  taken  into  account  in  these  determinations. 

Item  23.  B.  T.  U.  standardized. — For  uniformity  in  the  readings  and  for 
comparison  it  is  important  to  express  the  heat  value  of  the  gas  in  terms  of  a 
standard.  The  values  obtained  as  indicated  in  item  22  were  all  corrected  to 
correspond  to  the  specifications  of  standard  gas,  viz,  gas  at  62^  F.  and  14.7  pounds 
pressure. 
Let 

Tg= absolute  temperature  of  gas=^^^  F.  4-469°. 

^;^= cubic  feet  of  gas  at  tg^  F. 

j?^= pressure  under  which  gas  is  flowing 

=14.7  pounds + pressure  shown  by  manometer. 
T,=62^+459°  =  621°  F.,  absolute  temperature  of  standard  gas. 
jp.=14.7  pounds  per  square  inch = atmospheric  pressure. 
i;,= cubic  feet  of  standard  gas. 


Then 


The  results  obtained  in  item  22  were  corrected  by  dividing  by  the  values 
of  -w,  obtained  from  the  above  formula,  Vg  being  1. 
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In  order  to  reduce  the  labor  of  the  large  number  of  calculations  necessary 
for  any  one  test,  in  which  readings  are  taken  every  twenty  minutes  for  thirty 
or  more  hours,  the  accompanying  chart  (fig.  110)  was  used.     The  factors  by  which 


I4w4 


W.5 


lA.S 


14.9 


\A.€>  W1.7 

PRESSURES,   POUNDS   PER  SQUARE   INCH. 

Fig.  110.— Dijigram  showing  factor  for  delermlning  cubic  feet  of  Htandard  gas  produced. 

the  results  of   item  22  are  to  be  divided  were  computed  for  a  reasonable  range  of 
temperatures  and  pressures  and  platted  as  indicated, 

GAS   ANALYSES. 

The  gas  analyses  were  made  by  standard  methods.  Hempel  pipettes  were 
used  for  absorption.  The  hydrogen  (H^)  and  methane  (CHJ  were  found  by 
explosion  over  mercury.  Nitrogen  was  obtained  ''  b}'  difference.""  The  gas 
samples  were  collected  in  glass  sample  tubes,  made  to  contain  about  225  cc.  of  gas. 
The  British  thermal  units  from  the  gas  anal^^ses  were  figured  as  follows 
from  factors  obtained  from  most  reliable  sources: 

CO 3.49B.T.  U.  percc. 

CH, 10.(35  B.T.  U.  i)ercc. 

H, 3.48  B.  T.  U.  percc. 
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For  a    sample   of   gas  containing  the   following   percentages   by  volume    the 
results  would  be  as  shown: 

CO 16. 8  per  cent.  For  CO 16. 8X  3. 49=  58. 63  B.  T.  U. 

CH^ 6.1percent.  CH^ 6. 1X10.65=  64.  96  B.  T.  U. 

H, 5.5percent.  H, 5.5X  3.48=  19. 14  B.  T.  U. 


Calculated  B.  T.  U.  =142. 73 

In  the  foregoing  tests  all  hydrocarbons  have  been  determined  and  figured  as 
methane.  Small  amounts  of  ethylene  that  may  occur  in  the  gas  have  in  this  way 
been  figured  as  methane,  and  the  calorific  values  of  the  gas  have  been  thus  slightly 
decreased.  It  was  deemed  inadvisable  to  attempt  the  determination  of  ethylene  bv 
means  of  fuming  sulphuric  acid,  owing  to  the  fact  that  the  laboratory  provided  for 
these  determinations  w^as  so  small  that  acid  could  not  satisfactorily  be  used.  Bro- 
mine was  tried  for  the  ethylene  absorption,  but  was  found  to  be  of  no  value,  owing 
to  the  small  amounts  of  this  gas  present. 

The  diflSculties  encountered  in  attempting  accurate  calorimetric  determination, 
have  been  so  great  that  it  seems  wise  to  call  attention  to  those  that  are  most  likely 
to  be  met  in  producer-gas  plants  using  bituminous  coals  and  lignites. 

Variations  in  the  gas  pressure  are  very  likel}'^  to  cause  inaccuracies.  This  is 
particularly  true  if  the  connections  leading  to  the  calorimeter  are  so  arranged  that 
the  flow  of  gas  is  affected  by  the  demands  of  the  engine.  Under  these  conditions 
in  extreme  cases,  when  the  calorific  power  of  the  gas  is  very  low  and  the  engine  is 
drawing  an  increased  amount  of  gas,  it  is  possible  for  the  pressure  in  the  pipe 
leading  to  the  calorimeter  to  become  so  reduced  that  the  flame  will  be  put  out. 

Another  difficulty  that  must  be  guarded  against  in  case  of  gas  from  bituminous 
coals  is  the  possibility  of  a  slight  deposit  of  tarry  matter  on  the  axle  of  the  meter 
drum.  When  the  meter  used  is  small,  as  it  naturally  is  for  calorimetric  work,  a  very 
slight  deposit  upon  the  axle  will  decrease  the  speed,  thus  causing  inaccuracy. 

Sulphur  in  the  gas  will  attack  and  destroy  the  copj)er  drums  of  meters,  thus 
tending  to  cause  inaccuracy  in  the  readings. 

DETA1L8   OF   KEPORT  OF  TEST. 

In  order  to  make  the  63  items  listed  in  the  reports  of  the  producer-gas  tests  as 
clear  as  possible,  an  explanation  of  each  item  is  given  and  the  method  of  deri%'ing 
these  results  is  shown  in  detail  for  test  No.  16.  This  test  (No.  16)  was  made 
December  16  and  17,  11)04,  on  '^Wyoming  No.  2.''  The  condensed  log  sheets  and 
repoils  will  be  found  on  pages  1805-1318. 

Iteff*  J.  Duration  of  test^  In  hours, — (See  ^'Conditions  of  conducting  tests," 
p.  1000.) 
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Itetn  ^.  Temperature  of  gas  leaving  prodtuier  {^F.). — ^This  temperature  was 
read  by  means  of  a  Le  Chatelier  pyrometer.  The  tube  was  inserted  in  the  top  of 
the  economizer.  The  wires  from  the  pyrometer  were  extended  to  the  office,  about 
75  feet  away,  and  were  there  connected  to  the  galvanometer.  The  temperature 
readings  from  the  galvanometer  were  made  every  hour. 

The  galvanometer  used  was  read  in  degrees  Centigrade,  and  reduction  was  made 

Q 

to  degrees  Fahrenheit,  by  the  familiar  rule,  viz:  '^F.  =  ^C.-+32^. 

Example  (test  No.  16):  The  average  of  the  pyrometer  readings,  as  given  in 
column  14  of  the  log,  is  360°  C,  hence, 

^F.=?360+32=680°. 
5 

Items  J,  ^,  5,  and  6.  Temperatures. — By  special  request  of  R.  D.  Wood  &  Co. 
the  particular  temperatures  indicated  in  items  3,  4,  5,  and  6  were  not  taken  during 
these  preliminary  tests.  These  items  cover  the  temperatures  of  gas  leaving  econo- 
mizer, gas  entering  holder,  air  entering  economizer,  and  air  leaving  economizer. 

Items  7  a7id  8.  Steam  used  hy  producer  {j[}ounds), — Steam  used  for  creating  the 
blast,  as  indicated  in  the  description  of  the  producer,  page  981,  was  supplied  by 
the  boilers  used  in  connection  with  the  evapomtion  tests  of  the  boiler  division  of 
the  coal-testing  plant. 

During  the  intervals  in  which  the  producer  was  not  in  active  operation  for 
official  test  purposes,  several  experiments  were  made  to  determine  the  amount  of 
steam  used  by  the  producer  per  hour  under  gage  pressures  of  10,  20,  25,  30,  35,  and 
40  pounds.  The  steam  gage  from  which  these  pressures  were  read  was  located  as 
shown  in  fig.  105  (p.  983). 

A  hose  attached  to  the  steam  pipe  just  below  the  gage  was  connected  to  a  special 
nozzle,  a  duplicate  of  the  one  used  for  regulating  the  flow  of  steam  in  the  draft  pipe 
of  the  producer.  The  details  of  this  nozzle  and  attachments  are  shown  in  fig.  109 
(p.  988).  The  steam  flowing  through  this  test  nozzle  was  delivered  to  a  tank  partially 
filled  with  cold  water.  The  weight  of  the  tank  and  cold  water  was  taken  before  the 
steam  was  turned  into  the  tank,  and  the  amount  of  steam  condensed  was  determined 
by  the  increase  in  weight  shown  by  the  scales  for  a  given  time  interval.  In  this 
manner  the  nozzle  was  calibrated  for  the  different  steam  pressures  indicated. 

During  a  test  the  pressures  indiciated  by  the  steam  gage  show  great  variations, 
depending  upon  the  operating  conditions  of  the  producer.  There  are  periods  when 
the  steam  is  entirely  shut  off.  These  may  be  followed  rapidly  by  a  demand  for  steam 
at  a  reasonably  high  pressure,  and  this  demand  may  in  turn  be  followed  by  a  corre- 
sponding drop  or  increase  in  pressure,  as  the  case  may  be.  It  may  readily  be  seen 
that  the  fluctuations  in  this  steam  pressure,  and  consequently  in  the  quantity  of  steam 
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used  during  any  given  interval,  are  great,  and  it  is  therefore  somewhat  difficult  to 
determine  the  amount  of  steam  used  by  the  producer  with  the  degree  of  accuracy 
desired. 

During  each  test  two  or  three  sets  of  readings  of  the  pressures  indicated  b}* 
the  steam  gage  were  taken.  The  readings  were  taken  at  intervals  of  one-half 
minute  and  continued  for  one-half  hour. 

It  is  not  improbable  that  a  recording  pressure  gage  may  give  somewhat 
more  accurate  results  than  the  method  employed.  At  least  the  record  would  be 
obtained  for  the  entire  period  of  the  test.  The  introduction  of  a  recording  gage 
would  undoubtedly  tend  to  eliminate  en-atic  or  careless  manipulation  of  the  blast, 
and  in  this  wa}'  might  improve  the  efficient  operation  of  the  producer  as  well  as 
serve  the  purpose  for  which  it  was  primarily  intended. 

Item  9.  Equivalent  in  pounds  of  coal  per  hour, — ^The  number  of  pounds  of  coal 
per  hour  equivalent  to  the  steam  consumed  by  the  producer  is  obtained  by  dividing 
the  number  of  pounds  of  steam  used  per  hour  by  the  number  of  pounds  of  water 
actually  evaporated  by  each  pound  of  the  special  coal  used  for  the  producer-gas 
test  under  consideration. 

Ah  nearly  all  of  the  coals  tested  in  the  gas  producer  were  also  tested  under 
the  boilers,  and  as  the  steam  for  the  producer  blast  was  furnished  by  these  same 
boilers,  the  evaporation  factor  has  been  taken  directly  from  the  records  of  the 
steam  tests. 

In  the  few  cases  in  which  no  steam  test  was  made  with  the  coal  used  in  the 
producer  the  coal  equivalent  of  the  steam  used  was  determined  either  by  com- 
parison of  the  chemical  analysis  of  the  coal  with  that  of  a  similar  coal  or  by 
assuming  the  average  value  of  the  coal  equivalent  obtained  from  all  .the  other 
tests  to  give  a  fairly  correct  percentage. 

BaUi  given.  Solution, 


£=ai-tiial  evaporation  per  pound  of  coal.     ( From 

boiler  test. ) 
Ss pounds  of  steam  used  by  producer  blast  per 

hour = item  8. 

To  find: 
C.^equivalent  in  pounds  of  coal  per  hour. 

Example  (test  No.  16): 
E=4. 4  pounds. 
8s=249  pounds. 


249 
C,=^=66. 6  pounds. 
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D.=(100-M)XC. 


Item  10,     Equivalent  in  pounds  of  dry  coal  per  hour,- 

Data  given. 

C,=equivalent  in  pounds  of  coal  per  hour=item  9. 
M=per  cent  moisture  in  coal  as  given  in  report  of 
chemist.     (See  item  62.) 

To  find: 
D,=equivalent  in  pounds  of  dry  coal  per  hour. 


Example  (test  No.  16): 
0^=56.5  pounds.     { From  item  9. ) 
M=9.44  per  cent.     (See  item  62.) 


Solution. 


D,=(100-9.44)X56.5=51.2  pounds. 


Ite7a  11.     Equivalent  in  pounds  of  combust  ihle  per  hour. — 

Data  given.  Solution. 

D^= equivalent  in  pounds  of  dry  coal  per  hour=  ,  B,=(100— r)  XD, 

item  10. 
r=ii€r  cent  refuse  on  basis  of  dry  coal  as  jjiven  in 
report  of  chemist. 

To  find: 
B,=equivalent  in  pounds  of  combustible  per  hour. 

Example  (tent  No.  16):  | 

D,=51.2  pounds.     (From  item  10. ) 
r=22.9  i)er  cent.     ( From  chemist's  report. )  i 

Itetn  13.  Average  horsepowt^r  required'  to  drive  auxiliary  machinery. — As  indi- 
cated in  the  explanation  of  the  log  (item  8,  p.  1002),  a  watt  meter  was  u.sed  for 
determining  the  horsepower  required  by  the  motors  used  in  the  operation  of  the 
plant.     Readings  were  taken  ever}'  hour. 


B,=  (100-22.9)  X51. 2=39.5  pounds. 


Data  given, 

W,=reading  of  watt   meter   at    beginning  of 

test.     ' 
Wa= reading  of  watt  meter  at  end  of  test. 
F= factor  of  watt  meter  as  marke<l  on  the 
instnnnent 
=4  for  watt  meter  used. 
I=time  interval  in  hours  between  readings 
Wi  an<l  W,. 
746=conHtant= relation     between     horsepower 
and  watt  hours. 

To  find: 
H.  P.  =  horsepower  required  .  to   drive  auxiliary 
machinery. 

Example  (test  No.  16): 
VV,= 7869:30. 
W,  =695250. 

1=30  hours. 


Solution. 


H.  P.= 


746X1 


Wj-W,  =91680 

"•  *^- 746X30  ~^^-* 
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Item  13.     Total  water  mtd  in  scrubber  and  tar  extractor, — 

Daiti  given.  Solution. 

W,= reading  of  water  meter  at  l)eginning  of     Wt=W,— W, 

test. 
W,= reading  of  water  meter  at  end  of  test. 

To  find: 
Wt=total  water  used,  cubic  feet. 

During  test  No.  16  the  water  meter  was  frozen. 

Item  llf,.      Cubic  feet  of  water  per  hour  per  ho^rnejKnrer  of jprodwcer  plant. — 
Data  given.  Solution. 


250  XH 


W|     =total  water  used,  cubic  feet=item  13. 
H.  P.  =  horsepower  of  producer  plant=250. 
H       =duration  of  test  in  hours. 

To  find: 
W|,     =  cubic  feet  of  water  per  hour  per  horse- 
power of  producer  plant. 

Item  15.     Cvbicfeet  of  water  per  IftOO  cvMcfeet  of  gas  produced. — 
Data  given.  Solution. 

_l,OOOWj 


W^='-2^ 


G 


Wj= total  water,  cubic  feet = item  13. 

G  =totaI  gas  prwiuced,  cubic  feet=item  37. 

To  find: 
Wg=cubic  feet  of  water  per  1,000  cubic  feet  of  gas 
produced. 

Itern  16.  Total  coal  consumed^  pounds. — The  total  coal  consumed  in  the 
producer  during  a  test  is  the  total  shown  in  item  2  of  the  log  as  indicated  on 
page  1001. 

Example  (test  No.  16):  Total  coaf  consumed =12, 100  pounds=C. 

Itetn  17.  Moisture  in  coal^  per  cent. — ^This  value  is  taken  from  the  chemist's 
report  of  the  analysis  of  the  coal.     (See  item  62.) 

Example  (test  No.  16):  Moisture  in  coal =9.44  per  cent=M. 


Item  18.     Total  dry  coal  consximed^  pounds. — 
IkUa  given. 
C  =  total  coal  consumed,  pounds = item  16. 


M=moisture  in  coal,  per  cent=item  17. 

To  find: 
D=stotal  dry  coal  consumed,  pounds. 

Example  (test  No.  16) : 
C  =12,100  pounds=item  16. 
M=9.44  per  cent=item  17. 


Solution, 


D=(100-M)XC. 


D={  100-9.44)  X  12,100=10,957.8  pounds. 
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Item  19.  Refuse  from  coal^per  cent. — Investigation  tended  to  show  that  there 
was  little  if  any  paitially  burned  or  unburned  coal  in  the  ash  deposited  at  the  base 
of  the  producer.  Owing  to  the  depth  of  ash  bed  carried  in  the  producer,  the  ash 
from  any  given  coal  is  not  available  for  inspection  for  several  days  after  the  coal 
has  been  iired.  Although  sufficient  time  was  allowed  for  the  complete  consump- 
tion of  a  previously  fired  coal  before  beginning  the  test  of  a  new  coal,  yet  the 
different  coals  charged  to  the  producer  followed  each  other  with  such  rapidity  that 
the  ash  bed  was,  of  necessity,  made  up  of  the  refuse  from  several  different  coals. 

The  amount  of  coal  passing  through  the  producer  unburned  is  so  small  that  the 
per  cent  of  refuse  can  be  taken,  without  sensible  error,  directly  from  the  chemist's 
report.  As  a  matter  of  convenience  this  value  was  furnished  by  the  chemist  on  the 
basis  of  dry  coal. 

For  test  No.  16  the  refuse  on  a  dry  coal  basis=22.9  per  cent=r. 

Iteni  20.     Total  refuse  from  coal^  pounds. — 

Daiagiveji,  SolxUion. 


D=dry  coal  consamed,  pounds = item  IS. 
r  =per  cent  of  refu8e=item  19. 

To  find: 
R=total  refuse,  pounds. 

Example  (test  No.  16): 
D=10,967.8  pound8=item  18. 
r  =22.9  per  cent=item  19. 


R=rXD. 


R=.229X  10,957.8=2,609.3. 


Itein  21.     Total  comhustihle  co7i»icmed^  pounds. — Item  21  =  item  18~item  20. 

Example  (test  No.  16):  10,957.8-2,509.3=8,448.5  pounds. 

Item   22.      Coal   consumed    in   producer  per   hour^  pounds. — Item    22= item 

16-J-item  1. 

12  100  • 

Example  (test  No.  16):      ^q    =403.8  pounds. 

Item  23.     Dry  coal  consumed  in  producer  per  hour^  pounds. — Item  23= item 

18-^item  1. 

10  957  8 
Example  (test  No.  16):  —^—=365.3  pounds. 

Item  24,.     C(ymhustible  consumed  in  producer  per  hour^  pounds.— \tejn  24=item 
21 -^- item  1. 


8  448  5 
Example  (test  No.  16):  -^kr  '  =281.6  pounds. 


30 

Itejn  25.     Rjuivalent  coal  used  by  producer  phmt  per  hour^  pounds. — In  this 
item  both  the  coal  consumed  in  the  producer  and  the  steam  used  for  the  blast 
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"have  "been  charged  against  the  producer  plant.  The  steam  used  has  been  converted 
into  its  equivalent  in  coal  as  explained  under  item  9,  and  the  sum  of  the  coal 
consumed  in  the  producer  and  this  steam  equivalent  is  designated  "Equivalent 
coal  used  by  producer  plant."     Item  25  =  item  22+ item  9. 

Example  (test  No.  16):  403.3+56.5=459.8  pounds. 

Item  26,  Eqidval^it  dry  coal  used  hy  producer  plant  per  nour^  pounds, — Item 
26= item  23+item  10. 

Example  (test  No.  16):  365.3+51.2=416.5  pounds. 

Item  27,  E(2iiivaUnt  cmnlmstihle  iised  hy  producer  plant  jyer  hour^  pounds, — 
Item  27= item  24+item  11. 

Example  (test  No.  16):  281.6+39.5=321.1  pounds. 

Item  28,  Coal^  as  fired ^  consumed  per  squar-j  foot  of  fuel  hed  per  hour, — 
Owing  to  the  fact  that  the  incandescent  fuel  does  not  rest  on  the  grate,  but  is 
supported  upon  a  deep  ash  bed,  the  rate  of  burning  is  expressed  in  terms  of  the 
area  of  fuel  bed  instead  of  the  area  of  grate,  as  in  boiler  practice.  This  area  is 
the  area  of  a  circle  whose  diameter  is  the  internal  diameter  of  the  producer. 

The  producer  used  in  these  tests  was  7  feet  in  internal  diameter,  thus  giving 
a  fuel  bed  of  38.48  square  feet,  which  for  convenience  is  designated  as  "A.'' 
Item  28= item  22 -^  A. 

Example  (test  No.  16):  |^;|  =  10.5  pounds. 

oo.  48 

Item  29,  Dry  coal  consat)ied  per  square  foot  of  fuel  hed  per  hour, — Item 
29=item  23^A. 

Example  (test  No.  16):  ^;f =9.5  pounds. 

o8.48 

Item.  30,  Comhustihh  consumed  per  square  foot  of  fuel  hed  per  hour, — Item 
30= item  24-^A. 

Example  (test  No.  16):  of^^='^-3  pounds. 

Item  31,  Bntish  thermal^  units  per  pound  of  coal  as  fired, — This  value  is  taken 
from  the  chemist's  report.     For  test  No.  16  the  value  is  9,650  B.  T.  U. 

Item  32,  British  thermal  units  per  pound  of  dry  coal, — This  value  is  taken 
from  the  chemist's  report.     For  test  No.  16  the  value  is  10,656  B.  T.  U. 

Item  33.  British  tliermal  units  per  pound  of  combustible, — From  item  19,  r= 
per  cent  of  refuvse.     Item  33  =  item  32-7- (100— r). 

Example  (test    No.    16):    j^^^^^= 13,820  B.  T.  U. 

1403— No.  48,  pt  3—06 3 
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Item  34,.  British  thermal  xmits  from  coal  as  fred  per  hour, — Item  34= item 
31 X  item  22. 

Example  (test  No.  16):  9,660x403.3=3,891,800  B.  T.  U. 

Item  35,  BHtish  thermal  unitH  from  dry  coal  pei*  Jtour. — Item  35  =  item  32  X 
item  23. 

Example  (test  No.  16):  10,656x365.3  =  3,892,600  B.  T.  U. 

Item  36,  British  ther)nal  units  from  comhustihlt  per  hour, — lt€m  36  =  item 
33  X  item  24. 

Example  (test  No.  16):  13,820x281.6=3,891,800  B.  T.  U. 

Item  37,  Total  gas  jn^oduced,^  cuhic  feet, — (Gas  at  62^  F.  and  14.7  pounds 
pressure.)  The  total  gas  output  of  the  producer  consists  of  the  gas  passed  through 
the  main  meter  plus  that  used  for  the  calorimetric  determinations.  The  amount 
used  for  the  calorimetric  work  was  10  cubic  feet  per  hour. 

The  main  gas  meter  was  read  every  twenty  minutes  through  the  test,  and 
each  twent3^-minute  reading  was  separately  reduced  to  the  corresponding  value 
for  standard  gas,  i.  e.,  gas  at  62^  F.  and  14.7  pounds  pressure. 

The  temperature  of  the  gas  was  taken  by  a  thennometer  inserted  in  the  main 
pipe  near  the  entrance  to  the  meter,  as   shown  in   PI.  X. 

As  previously  indicated  (items  6  and  7,  p.  1002),  two  manometers  were  also 
inserted  in  the  main  gas  pipe,  one  between  the  gas  holder  and  meter  and  the 
other  between  the  meter  and  engine.  These  were  designated  *' Manometer  No.  1'' 
and  ''Manometer  No.  2,"  respec»tivel3\ 

The  barometer  readings  were  for  a  time  obtained  from  the  downtown  weather 
bureau  in  St.  Louis,  and  the  necessarj^  corrections  for  difference  in  elevation 
were  made.  Later  the  readings  were  taken  at  the  plant  by  means  of  an  aneroid 
barometer,  which  was  frequently  calibrated  by  comparison  with  the  barometer 
in  the  United  States  Government  building  at  the  World's  Fair  grounds. 
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Data  given. 

Vi— reading  of  meter  at  beginning  of  twenty-min- 
ute interval. 

v,=reading  at  end  of  twenty-minute  interval. 

ti=temperature,  ®F.,  corresponding  to  Vj. 

tj= temperature,  °F.,  corresponding  to  v,. 

Tg=ab8olute  temperature  of  ga8=tg-f-459°. 
p=average  barometer  reading. 

Pj=average  pressure  during  entire  test  as  shown 
by  manometer  No.  1. 

p2=do.  by  manometer  No.  2. 

Pj= total  pressure  in  pounds  per  square  inch=8um 
of  mean  manometer  pressure  and  average 
barometer  pressure  in  pounds  per  square 
inch. 

T,=absolute  temperature  of  standard  gas=62°-f- 
459°=521«. 

p,=atmo8pheric  pre8sure=14.7  pounds  per  square 
inch. 

To  find: 
v,= cubic  feet  of  standard  gas. 

Example  (test  No.  16): 

Vi=8, 170,550. 
v,=8,176,400. 

ti=67°  F. 

ta=74°  F. 
Tg=70.5°-|-459°=529.5°. 

p=29.42  inches  mercury. 
p,=2.43  inches  water, 
p J = 1 . 1 2  inches  water. 
p,= 14. 45-4-0. 064 =14. 514  pounds  per  square  inch. 


SoliUion. 

Vj— v,=Vg=voiume  of  gas  during  twenty-minute 
interval. 

ti+t, 

~  2    ^^B^^veragetemperaturej^F.jduringtwenty- 

minute  interval. 

pn,=mean  of  pi  and  p,. 

pX. 491= pounds  per  square  inch. 

p„X.036=pound8  per  square  inch. 


v.^PgT. 
Vg    P,Tg 
Pj. 

V   :=V  — 

"    ^P.Tg 


_    PgX521 
^'•~^'n4.7xT, 

Vg=V2— v,=o,a50  cubic  feet. 


t.=«Z  JZ1=70.5«.  F. 

pn,=1.775  inches  wat-er. 

29. 42 X. 491 =14. 45  pounds  per  square  inch. 

1.775X.036=.064  pound  per  square  inch. 

5,850X521X14.514 
"  =  5,683  =  cubic     feet 


for 


•~        529.5X14.7 

twenty  minutes. 
Sum  of  all  twenty-minute  reductions  for  entire 
te8t=447,400  cubic  feet.    300  cubic  feet  were  used 
by  calorimeter,  making  total  of  447,700  cubic  feet 
produced. 

Item  38,     G(is  p7*odu€ed per  hour^  cuiw  feet— Item  38=item  37-^itein  1. 

447  7(X) 
Example  (test  No.  16):  —^y-  =  14,923  cubic  feet. 

/te?n  39.      Cithic  feet  of  gas  per  pound  coal  ctmsurned  in  p?*odueer.—ltein  39= 
item  37-^  item  16. 

447  700 
Example  (test  No.  16):    12  100  ^^^"^  ^^^^^  *^^^- 

Itern  Jfi.      CiiJpic  feet  of  gas  per  pound  dry  coal  consumed  in  producer.— Item  40 = 
item  37 -J- item  18. 

Example  (test  No.  16):  ^^^=40.9  cubic  feet. 
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Item  Ii^l,  CiMc  feet  of  gas  per  pound  cmnbustible  consumed  hi  producer. — Item 
41  =  item  37 -^  item  21. 

447  700 
Example  (test  No.  16):  a  44g  5  ~ ^^  cubic  feet. 

Iteni  I^,  Cubic  feet  of  gas  per  2>ound  equivalent  coal  used  hy  j/>r)ducer  pliint. — 
Item  42= item  38 -r- item  25. 

14  923 
Example  (test  No.  16):    rKo-o-=32.5  cubic  feet. 

[tei7i  j^3-      Cxdnc  feet   of  gas  pet*  p<mnd  equivalei}t  dry  coal  used  by  producer 

plimt.— Item  43= item  38 -j- item  26. 

14  923 
Example  (test  No.  16):  'TYVy^SS-^  cubic  feet. 

Itefii  44"      Cubic  feet  of  gas  per  pound  equivalent  combvMihle  used  by  produ<^er 

plant, — Item  44= item  38 -r- item  27. 

14  923 
Example  (test  No.  16):    391  Y~^^'^  cubic  feet. 

Item  45,  British  thermal  units  jyer  cubic  foot  of  standard  gas, — The  British 
thermal  units  from  the  gas  were  determined  by  means  of  a  Junker  calorimeter,  as 
described  under  items  22  and  23  of  the  log  form. 

Item  45  is  an  average  of  all  the  values  obtained  during  a  test,  as  given  in 
column  23  of  the  condensed  logs. 

For  test  No.  16  the  average  value  for  item  45  was  151  B.  T.  U. 

Item  4JS,  British  thei^mal  units  from  standard  gas  per  pound  dry  coal  burned 
in  producer, — Item  46= item  38 X  item  45 --item  23. 

Example  (test  No.  16):       ^g^^g       =6,168  B.  T.  U. 

Item  ^7.  British  thermal  units  from,  standard  gas  jr>e/'  hour  per  braka  horse- 
p6wei\ — Item  47=item  38 X  item  45^item  51. 

p:xample  (test  No.  16):  ^^x^""^''"^^^  ^'  ^'  ^' 

Item  4^,  Electrical  horsepower  availahlefor  outside  purposes, — (See  item  49  for 
method  of  obtaining  E.  H.  P.)  Item  48  =  item  49— item  12;  that  is,  the  "available"' 
horsepower  is  the  switch-boaitl  horsepower  less  that  used  in  operating  the  machinery 
of  the  plant,  as  explained  in  item  12  of  the  report  and  in  item  8,  page  1002,  of  the  log. 

Example  (test  No.  16):  201.2—16.4=184.8  electrical  horsepower  available. 

Item,  4^,  Electrical  horsepoicer  dereUped  at  the  switch  board, — As  indicated  in 
items  12  and  13  of  the  log  (pp.  1018  et  seq.)  the  voltmeter  and  ammeter  were  read 
every  twenty  minutes  during  the  test.  The  load  on  the  engine  was  kept  constant 
by  means  of  the  water  rheostat  described  on  page  988.  One  of  the  chief  duties  of 
the  switch-board  man  was  to  keep  the  rheostat  so  adjusted  that  this  much-desired 
result  could  be  obtained. 


PRODUCER-GAS   TESTS.  1015 

Each  twenty-minute  reading  was  reduced  to  its  equivalent  horsepower  by  the 

following  familiar  rule: 

volts  X  amperes    , 

7i6 ~  horsepower. 

For  illustration,  a  single  reading  only  is  selected  from  the  log  sheet,  page  1305, 
of  test  No.  16.  Take,  for  example,  the  reading  at  10  a.  m.  on  the  first  morning 
of  the  test: 

Volts  at  10  a.  m.  =240. 

Amperes  at  10  a.  m.  =624. 

240x624 
Electrical  hor8epower=*'   ^^ —  =200.8. 

These  single  values  obtained  every  twenty  minutes  are  averaged  for  the  entire 
test,  this  average  result  being  the  one  reported. 

For  test  No.  16  the  average  switch-board  horsepower  was  201.2. 

It€7n  50,  Brake  horsepf/wer  available  far  ouUide  jrurpoHes. — B}^  "available" 
brake  hoi-sepower  is  meant  the  brake  horsepower  developed  by  the  engine  less  the 
equivalent  brake  horsepower  necessary  for  the  operation  of  the  auxiliary  machinery 
of  the  plant. 

Owing  to  the  method  of  installation  and  the  pressure  under  which  the  tests 
were  conducted,  it  was  not  feasible  to  determine  the  brake  horsepower  of  the 
engine.  After  some  investigation,  supplemented  by  reports  from  the  Westing- 
house  Compan3%  the  efficiency  of  the  generator  and  belt  was  assumed  as  85  per  cent. 
The  brake  horsepower  used  throughout  this  report  is  based  on  this  assumption. 
Item  50 = item  48  -^  0. 85. 

Example  (test  No.  16):   184.8-^0.85  =  217.4  brake  horsepower  available. 

Item  51,     Brake  hxyi^nepower  d&i^ehped  at  engine, — Item  51= item  41>-r-0.85. 

Example  (test  No.  16):   201.2-r-0.85  =  236.8  brake  horsepower  at  engine. 

Item  52,  Efficiency  of  converfiUm  and  cleaning  ga^, — This  efficiency  is  marked 
to  include  the  cleaning  of  the  gas  as  distinct  from  the  efficiency  of  conversion 
alone,  since  the  heat  value  of  the  gas  was  taken  after  the  gas  had  passed  through 
the  economizer,  scrubber,  tar  extractor,  puritior,  and  holder  instead  of  hot  from 
the  producer. 

This  efficiency  is  the  ratio  of  the  heat  units  of  the  gas  produced  to  the  heat 

units  of  the  dry  coal  charged  into  the  producer.     Item  52  =  item  38xitem  45-4- 

item  35. 

x^  ,     /.    X  XT      i^.x     14,923X151     ^  , 

Example  (test  No.  16):    "  6  uoo  t^oq  =58  per  cent. 
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Iteirt  53.     EfficUncy  of  prodxwer  plant, — ^This  efficiency  is  tlie  ratio  of  the  heat 
units  of  the  gas  produced  (after  cleaning)  to  the  sum  of  the  heat  units,  equivalent  to: 

1.  Dry  coal  consumed  by  the  producer. 

2.  Steam  used  for  blast. 

3.  Power  used  to  drive  auxiliary  machinery.     , 


DaUi  given. 

H=B.  T.  U.  of  gas  per  hour. 
H'=B.  T.  U.  of  dry  coal  per  hour=item  36. 
H''=B.  T.  U.  of  dry  coal  per  hour,  equivalent  to 

steam  used=itein  32  X  item  10. 
W^^=B.  T.  U.  per  hour,  equivalent  to  horsepower 
of  auxiliary  motors. 

Example  (test  No.  16): 
Item  38=14,923  cubic  feet  gas  per  hour. 
Item  45=151.1  B.  T.  U. 

H^=item  35=3,892,600  B.  T.  U. 
Item  32=10,656  B.  T.  U. 
Item  10=51.2  pounds. 
Item  12=16.4=horsepower  of  auxiliary  motors. 


SoltUion. 

H=item  38  X  item  45. 
1  H.  P.  =83,000  foot-pounds  per  minute. 
1  B.  T.  U.=778  foot-pounds. 
B.  T.  U.  per  minute  for  1  H.  P.  =42.4. 

Item  53=efficiency=jj7X|j77  -  jj77>. 

H=14,923X151  =2,253.370  B.  T.  U. 

H'''=10,656X51.2=545,000  B.  T.  U. 

H ^^'=42.4X16.4X60=41,800  B.  T.  U. 

H '-f  H "'+ H '''=  3,892,600  +  545,000  +  41,800= 

4,479,400. 

2  253  370 
Item  53=efficiency  of  plant=7,-Q' v;^=50   per 

cent. 


Ite7n^  5^-61.     Coal  per  horsepiyioer  per  hour. — The  above  heading,  "Coal  per 
hoi'sepower  per  hour,"  applies  to  items  54  to  61,  inclusive. 

The  numerical  values  are,  as  in  the  previous  items,  from  test  16. 


Coal  as  tired. 


Item  64:  Pounds  consumed  in  pro- 
ducer per  el  ectriful  horHepower  , 
available  for  outside  purpcwes. 

Item  66:  Pounds  consumed  in  pro- 
ducer \tfXT  electrical  horsepower  ^ 
developed  at  switch  boara.  | 

Item  66:  Pounds  consumed  in  pro-  I 
ducer    per    brake    horsepow^er 
available  for  outside  purposes. 

Item  57:  Pounds  consumed  in  pro- 
ducer per  brake  horsepower  de- 
veloped at  engine.  i 

Item  68:  Equivalent  pounds  used  | 
by  producer  plant  per  electrical  ; 
horsepower  available  for  outside  i 
purposes. 

Item  69:  Equivalent  pounds  used 
by  producer  plant  per  electrical 
horsepower  aeveloped  at  switch 
board.  j 

Item  60:  Equivalent  pounds  UM^d 
by   producer   plant   per   brake  i 
h(»rsepower  available   for   out-  1 
side  purposes. 

Item  61:  Equivalent  pounds  u.sed 
by    producer   plant    per   brake  > 
horsepower  devolopedf  at  engine. 


_Item  22^403.3 
"Item  48    1H4.8 

_  I  tern  22  _  403.3, 
"item  49    201.2 

^ Item  22  ^403.3 _ 
Item  60    217.4" 

_Item22_403.3 
'Item  .11    236.8 

_  Item  26^459.8^ 
"item  48    184.8 


-2.18  lbs. 


2.00  lbs. 


1.86  lbs. 


=1.70  lbs. 


2.49  lbs. 


_Item^25.^459.8 
'item  49    201.2 


=2.28  lbs. 


.Item25_469.8_.,,.  ,. 
'Item  hT'IMA-"^^  '^-  • 


Dry  coal. 


'  ^Item  23^365.3 
Item  48    184.8 

_Item  23_366.3_ 
I      item  49    201.2 

^Iternja  ^366.3^ 
Item  60    217.4 

'  ^Item  23^36|k3 
^  I  tern  51    236.8 

.Item  26„416.5 
"Item  48    184.8 

.Item  26^416.6^ 
'Item  49    201.2 

_Item  26  .41G.5_ 
Item  50    217.4 


-=1.98  lbs. 


1.82  lbs. 


1.68  lbs. 


=1.M1 


=2.26  lbs. 


2.07  lbs. 


1.92  lbs. 


^Iteni^2.5^469^8^j^  lb..         J^^^^  'f^^^*!  ^.1.76  lbs. 


Combustible. 


^Item24_281.6_,-    ,. 
Il^Sr48-lW.8'"^-^^  *^^- 


^ Item  24^281.6 
Item  49    20i.2 


-1.40  lbs. 


^Item24^'281.6_.3o,. 

Item-50    217.4~^•^^*'''• 
JteJm24^281.6^^      ,j^ 

Item  51    236.8    ^•^^*"'- 

,Item27_321.1_^ 
Item48~iW.8  • 


^ItemJ27^321.1 
'item  49  '201.2 


=1.60  lbs. 


Jton^7    32U^,,^,j^^ 
Item  .50    217.4 


Item  51    236.S 


Item  61    236.8 


^Item  27    321.1^ 
I      Item  51    2:{6.8 


1.36  lbs. 
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Item  62,  Average  composition  of  coal. — These  results  are  taken  from  the  chem- 
ist's report.  (For  full  information  see  report  of  Prof.  N.  W.  Lord,  p.  174.)  For 
test  No.  16  the  following  are  the  results: 

Per  cent. 

Moisture 9. 44 

Volatile  matter z 35. 02 

Fixeci  carbon 34. 82 

Ash 20.72 

100.00 
Sulphur 3.91 

Ttetn  63.  Average  composition  of  gas. — These  values  are  an  average  of  all  the 
gas  analyses  made  during  the  test.  (For  methods  of  analysis  employed  see  p.  1004.) 
The  average  of  the  fifteen  gas  analyses  made  during  test  No.  16  is  as  follows: 

Per  cent. 

Carbon  dioxide  (CO,) 10.21 

Oxygen  (O,) 69 

Carbon  monoxide  (CO) 15.46 

Hydrogen  (H,) 10.79 

Methane  (CH4) 5.52 

Nitrogen  (N,) 57.43 

100.00 
Owing  to  the  fact  that  these  tests  have  been  primarily  conducted  as  fuel  tests, 
or  producer-gas  tests,  and  not  as  gas-engine  tests,  a  complete  detailed  report  of  the 
performance  of  the  gas  engine  has  not  been  attempted.  In  submitting  the  general 
report  it  has,  however,  seemed  proper  to  present  brief  records  of  the  gas-engine 
operations,  together  with  typical  indicator  cards  from  each  test. 

The  following  pages  will,  therefore,  contain  the  results  of  the  producer-gas 
investigations  in  the  following  order: 

1.  Condensed  tabulated  log  sheets. 

2.  Graphic  log  sheet. 

3.  Detailed  report  of  producer-gas  tests. 

4.  Brief  record  of  gas-engine  performance,  showing  typical  cards. 

RESULTS  OF  TESTS. 

ALABAMA   No.  2. 
GENERAL   RESULTS. 

Alabama  No.  2  is  a  clean,  hard  coal,  which  was  fed  in  1  to  1^  inch  lumps,  and 
worked  well  in  the  producer.  It  did  not  cake  excessively  and  was  easily  handled. 
The  greatest  trouble  in  its  use  arose  from  its  tendency  to  shrink  away  from  the  walls 
of  the  producer.  It  was  necessary,  therefore,  to  break  it  against  the  walls  about 
twice  every  hour.  The  lumps  did  not  swell  and  fuse  together,  but  seemed  to  keep 
apart  in  the  fire. 
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149.7 

10.25  a.  m 

7.4 

.0 

16.6 

6.9 

6.6 

62.5 

100.0 

162.0 

158.6 

11.10  a.  m 

7.8 

.0 

15.2 

8.6 

5.9 

62.5 

100.0 

145.0 

161.2 

12.05  p.  m 

7.6 

.4 

15.0 

4.7 

8.2 

64.1 

100.0 

166.0 

173.1 

1.05  p.  m 

7.7 

.3 

14.8 

4.5 

6.0 

66.7 

100.0 

137.2 

143.1 

2  p.  m 

7.8 

.2 

14.8 

4.0 

7.9 

66.3 

100.0 

149.8 

156.2 

S  p.  m 

9.0 

.0 

12.0 

7.3 

6.1 

65.6 

100.0 

132.  2 

137.8 

4.15  p.  m 

9.2 

.2 

13.4 

6.7 

9.3 

61.2 

100.0 

161.9 

168.8 

8.10  a.  m.' 

3.7 

.0 

23.9 

11.4 

4.8 

56.2 

100.0 

174.2 

179.0 

9a.  m 

6.8 

.0 

18.2 

8.3 

7.7 

60.0 

100.0 

174.4 

179.2 

9.50  a.m 

7.4 

.0 

16.7 

1.2 

6.6 

69.1 

100.0 

122.0 

125.4 

10.45  a.  m 

8.7 

.3 

12.8 

7.9 

4.4 

65.9 

100.0 

119.0 

122.3 

11.40  a.  m 

9.0 

.0 

11.8 

11.0 

5.6 

62.6 

100.0 

139.0 

142.9 

12.30  p.  m 

9.4 

.0 

12.0 

5.0 

6.2 

67.4 

100.0 

126.3 

128.8 

1.130  p.  m 

9.4 

.0 

12.2 

12.6 

7.8 

58.0 

100.0 

169.2 

173.8 

2.:iOp.  m 

8.6 

.0 

13.1 

6.8 

9.7 

62.8 

•100.0 

141.3 

145.2 

3.30  p.  m 

9.6 

.2 

13.0 

6.1 

9.3 

61.8 

100.0 

166.6 

171.3 

4.;»p.  m 

10.0 

.0 

12.0 

2.1 

9.4 

66.5 

100.0 

149.3 

153.4 

8.10  a.m./ 

5.2 

.2 

23.0 

10.1 

5.9 

55.6 

100.0 

178.3 

182.5 

9a.  m 

7.8 

.0 

22.0 

8.9 

1.6 

59.7 

100.0 

140.0 

143.3 

10a.  m 

7.8 

.0 

20.4 

9.5 

3.4 

58.9 

100.0 

153.7 

167.4 

10.60  a.  m 

8.2 

.1 

19.1 

13.3 

3.5 

55.8 

100.0 

150.0 

153.5 

11.40a,  m  ...... 

8.4 

.2 

17.0 

8.5 

6.0 

59.9 

100.0 

163.0 

156.6 

12.46  p.  m 

9.6 

.0 

13.9 

3.7 

8.0 

64.8 

100.0 

147.6 

161.0 

1.35  p.  m 

9.8 

.2 

19.2 

8.0 

.3.6 

59.2 

100.0 

133.3 

136.4 

2.30  p.  m 

10.0 

.0 

19.4 

7.0 

2.8 

60.8 

100.0 

121.9 

124.8 

3.40  p.  m 

9.2 

.4 

18.4 

8.1 

4.1 

59.8 

100.0 

136.1 

139.3 

4.30  p.  m 

10.0 

.2 

<*  Ga8  Ban 
dOctobei 

18.0 

iple  taken 
12. 

9.8 
from  cock 

2.3 
back  of  ga 

59.7 
9  engine. 

100.0 

121.5 

«•  October  1 
/Octoberl 

124.4 

a  October  10. 
6  October  11. 

4. 
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Producer-gas  test  No.  ^,  Alabama  No.  2  coal. 
[Recorded  by  M.  H.  Mount  and  R.  E.  Peshak,  October  10-14, 1904.] 
1.  Duration  of  test,  in  hours 


AVERAGE  TEMPERATURE,  °  F. 


2.  Gas  leaving  producer 

3.  Gas  leaving  economizer  «  . 

4.  Gas  entering  holder 

5.  Air  entering  economizer  . . 

6.  Air  leaving  economizer  . . . 


OUTSIUE  POWER  CHARGED  AGAINST  PRODUCER  PLANT. 


7.  Total  steam  used  by  producer poundn. 

8.  Steam  used  by  producer  per  hour do. . . 

9.  Equivalent  in  pounds  of  coal  per  hour 

10.  Equivalent  in  pounds  of  dry  coal  per  hour 

11.  Equivalent  in  pounds  of  combustible  per  hour 

12.  Average  horsepower  required  to  drive  auxiliary  machinery 

13.  Total  water  used  in  scrubber  and  tar  extractor cubic  feet. 

14.  Cubic  feet  of  water  per  hour  per  horsepower  of  producer  plant  . ". 

15.  Cubic  feet  of  water  per  1,000  cubic  feet  of  gas  produced 


COAL  CONSUMED  IN  PRODUCER. 

16.  Total  coal  consumed pounds. . 

17.  Moisture  in  coal per  cent. . 

18.  Total  dry  coal  consumed pounds. . 

19.  Refuse  from  dry  coal : per  cent. . 

20.  Total  refuse  from  coal pounds. . 

21.  Total  combustible  consumed do 


COAL  PER  HOUR. 

22.  Coal  consumed  in  producer pounds 

23.  Dry  coal  consumed  in  producer do. 

24.  Combustible  consumed  in  producer do. 

25.  Equivalent  coal  used  by  producer  plant do. 

26.  Equivalent  dry  coal  used  by  producer  plant do. 

27.  Equivalent  combustible  used  by  producer  plant do. 


FUEL  CONSUMED  PER  SQUARE  POOT  OF  FUEL  RED  PER  HOUR. 


28.  Coal  as  fired  . 

29.  Dry  coal 

30.  Combustible  . 


43 


9,200 
214 
30.9 
29.7 
26.8 
8 
5,979 
.56 
7.72 


13,350 

3.76 
12,848 

9.85 
1,350 
12,035 

310.5 

299 

280 

341.4 

328.7 

306.8 


8.07 
7.78 
7.28 


a  By  special  request  of  R.  D.  Wood  &  Co.,  the  manufacturers  of  the  gas  producer,  the  temperatures  indicated  by  Items 
3,  4, 5,  and  6  were  not  taken  during  these  preliminary  tests. 
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BRITISH  THERMAL  UNITS  FROM  COAL. 

31.  Per  pound  of  coal  as  fired 12,865 

32.  Per  pound  of  dry  coal 13,365 

33.  Per  pound  of  combustible 14, 820 

34.  From  coal  as  fired,  per  hour 4,000,000 

35.  From  dry  coal,  per  hour 4, 000, 000 

36.  From  combustible,  per  hour 4, 000, 000 

GAB  PRODUCED,  CUBIC  FEET. 

[Oas  at  &2P  F.  and  14.7  pounds  presHure.] 

37.  Total 775,500 

38.  Per  hour 18,050 

39.  Per  pound  coal  consumed  in  producer 58. 1 

40.  Per  pound  dry  coal  consumed  in  producer 60. 4 

41.  Per  pound  combustible  consumed  in  producer 1 64. 5 

42.  Per  pound  equivalent  coal  used  by  producer  plant 52.9 

43.  Per  pound  equivalent  dry  coal  used  by  producer  plant 55. 0 

44.  Per  pound  equivalent  combustible  used  by  producer  plant 58.9 

BRITISH  THERMAL  UNITS  FROM  STANDARD  GAS. 

45.  Per  cubic  foot 149.2 

46.  Per  pound  dry  coal  burned  in  producer 9, 000 

47.  Per  hour  per  brake  horsepower 11, 420 

AVERAGE  HORSEPOWER  DEVELOPED. 

48.  Electrical  horsepower  available  for  outside  purposes 192. 6 

49.  Electrical  horsepower  developed  at  switch  board 200. 6 

50.  Brake  horsepower  available  for  outside  purposes 226. 6 

51.  Brake  horsepower  developed  at  engine 235. 5 

EFFICIENCIES. 

52.  Of  conversion  and  cleaning  gas .  674 

53.  Of  producer  plant .61 
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COAL  PER   HORSEPOWER   PER   HOUR. 


Coal  a«  flred.  Dry  coal.        CombuNtible. 


54.  Pounds  consumed  in  producer  per  electrical  hor8ei)<)wer 

available  for  outside  purposes 

55.  Pounds  consumed  in  producer  per  electrical  horsepower 

developed  at  switch  l)oard 


56.  Pounds  consumed  in  producer  per  brake  horsepower « 
available  for  outside  purposes 


57.  Pounds  consumed  in  producer  per  brake  horsepower  «  de- 
veloped at  engine 


58.  Eouivalent  pounds  used  by  producer  plant  per  electrical 
horsepower  available  for  outside  purposes 


59.  Equivalent  pounds  used  by  producer  plant  per  electrical 
horsepower  developed  at  switch  board 


60.  Eouivalent  pounds  used  by  producer  plant  per  brake 
Horsepower  «  available  for  outside  purposes 


61.  Eouivalent  pounds  used   by  producer  plant  per   brake 
horsepower  «  developed  at  engine 


1.61 
1.55 
1.37 
1.32 
1.77 
1.71 
1.51 
1.45 


a  Based  on  an  aieumed  efficiency  of  85  per  cent  for  generator  and  belt. 


AVKRAOE  COMPOSITION  OP  GOAL  AND  OAB. 


62.  Coal: 


Per  cent 

Moisture 3. 76 

Volatile  matter 33.45 

Fixe<l  carbon 53. 29 

Ash 9.50 


100.00 


Sulphur . 


3.  Gas  by  volume: 


1.55 
1.49 
1.32 
1.27 
1.71 
1.64 
1.45 
1.40 


1.45 
1.40 
1.23 
1.19 
1.59 
1.53 
1.35 
1.30 


Per  cent. 


Carbon  dioxide  (00,) 8. 16 

Oxygen(0,) 10 

Carbon  monoxide  (GO) 16. 65 

Hydrogen  (H,) 7.20 

Methane  (CHJ 5.64 

Nitrogen  (N,) 62.26 

100.00 


OAS   ENGINE. 

Gas-engine  test  No.  2  was  divided  into  sections  as  follows: 

Hours. 

October  10,  12  m.  to  5  p.  m 5 

October  11,  7.30  a.  m.  to  3.30  p.  m 8 

October  12,  7.30  a.  m.  to  5.30  p.  m 10 

October  13,  7.30  a.  m.  to  5.30  p.  m 10 

October  14,  7.30  a.  m.  to  5.30  p.  m 10 

43 

Item  12,  the  average  horsepower  required  to  drive  auxiliary  machinery,  was 
not  determined  during  this  test.  The  value  used,  viz,  8  horsepower,  was  obtained 
from  later  tests  and  substituted  in  test  No.  2. 

At  the  beginning  of  test  No.  2  the  2'40-pound  spring  used  in  the  indicators 
was  replaced  by  a  160 -pound  spring.  The  latter  was  used  throughout  the 
remaining  tests. 
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The  waves  that  appear  frequently  in  the  expansion  curve  are  due  in  part  to 
a  slight  vibration  of  the  indicator  rigging.  The  motion  of  the  indicators  is  con- 
trolled by  three  eccentrics  mounted  on  the  end  of  the  crank  shaft.  The  action 
of  these  eccentrics  is  transmitted  to  the  indicators  by  wooden  rods.  These  con- 
nections are  long  and  there  is  considerable  vibration  to  the  parts.  It  is  probable 
that  the  cards  taken  are  not  quite  true.     The  indicated  horsepower  calculated 


Right  cylinder.    H.  E.  P.,«  M:  Max..^  306;  ReL.e  29:  I.  H.  F.,rf 
1M.9. 


Center  orlinder.    M.  BL  P.,  «;  Max.,  300;  Rel.,  82;  I.  H.  P.,  99.S. 


Left  cylinder.    M.  K.  P..  60;  Max.,  300;  Rel..  28;  I.  H.  P.,  9ft.4. 


Indicator  dia^ramn  taken  October  13,  1904.  during  gas-engine  test  No.  2,  on  Alabama  No.  2  coal.    Scale  of  spring.  HO; 

revolutions  per  minute,  201.8. 

from  them  may  be  slightly  exaggerated,  but  the  cards  serve  to  show  the  time  of 
ignition,  the  progress  of  combustion,  and  the  various  valve  functions,  and  in  this 
way  they  are  of  great  assistance  in  the  proper  manipulation  of  the  engine. 

During  the  first  two  tests  considemble  tar  crept  through  to  the  engine,  caus- 
ing some  annoyance  in  the  operation  of  the  engine  valves.  This  passing  of  tar 
be3'^ond  the  tar  extractor  was  due  to  two  causes:  (1)  The  tar  extractor  was  hardly 

a  Mean  effective  pressure.  h  Maximum  pressure.  <•  Pressure  at  rcleiiMt*.  <' Indicated  horsepower. 
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large  enough;  (2)  the  speed  of  the  tar  extractor  fluctuated  greatly,  at  times  being 

far  below  that  required.     Before  beginning  test  No.  3  a  larger  and  more  modern 
tar  extractor  was  installed  and  the  results  from  this  have  been  highly  satisfactory. 

Report  of  gas-niffine  teM  No.  2. 

Recorded  by  R.  W.  Cummings  and  W.  C.  Weidmann,  October  iO-14,  1904. 
Producer  test  No.  2. 

Coal:  General  number,  Alabama  No.  2;  special  number,  (J.  P.  2.     Car  initials  and  number,  St.  L. 
and  S.  F.  16260. 

Duration  of  test,  in  hours 43 

Revolutions  per  minute  (mean) , 201. 1 

Kxploeions  per  minute  (mean ) 100. 5 

Cubic  feet  gas  per  hour,  by  meter 17, 980 

Cubic  feet  standard  gas  per  hour  (i.  e.,  62°  F.,  14.7  pounds  prensure) 17, 480 

Maximum  pressure: 

First  cylinder 282. 9 

Second  cylinder 286.  5 

Th  ird  cylinder 279 

Pressure  at  release: 

First  cylinder 30.  3 

Second  cylinder 31 

Third  cylinder 28.  8 

Mean  effective  pressure: 

First  cylinder 64. 45 

Second  cylinder.  T 63.  2 

Third  cvlinder 57. 4 


Indicated  hor8ei)Ower: 

First  cylinder 102. 07 

Second  cylinder 100. 01 

Third  cylinder 91 .  29 


Total  indicated  horsepower 293. 37 

Horsepower  delivered  (electrical  horsepower) 200. 6 

Mechanical  efficiency  (engine  and  gen  arator  combmed ) per  cent. .  68.  2 

Cubic  feet  standard  gas  per  hour  per  indicated  horsepower 59.  6 

Cubic  feet  standard  gas  per  hour  per  electrical  horsepower 87. 4 

COLORADO  No.  z. 

GENERAL   RESULTS. 

Colorado  No.  1  is  a  black  lignite  which  clinkered  badl}'  in  the  producer,  in  spite 
of  frequent  poking,  but  the  clinkers  were  not  large  and  could  be  broken  from  the 
top  of  the  producer.  The  gas  was  of  a  good,  uniform  quality,  and  there  is  no 
doubt  that  the  fuel  can  be  used  to  advantage  in  producers.  It  yielded  60  gallons 
of  yellow  'lignite  tar." 
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PRODUCER-GAS   TESTS. 
GAS  ANALYSES. 


Time. 


CO,.      I       Oj. 


CO. 


H,. 


10.15  a.  in.'' 

12  in 

6.2 
6.6 

2  p.  Ill 

8.0 

4  p.  m 

8.2 

6  p.  m 

9.0 

8  p.  m.. 

9.8 

10  p.  m 

9.4 

12  ni 

10.8 

2a.  m. «» 

4  a.  Ill 

10.6 
10.6 

6  a.  m 

10.6 

8  a.  m 

11.0 

10  a.  m 

11.8 

12  m 

11.4 

2p.  m 

12.0 

0.4 

15.0 

.0 

17.4 

.6 

17.8 

1.0 

16.4 

1.2 

18.4 

1.0 

18.4 

1.0 

18.4 

.4 

16.0 

.2 

18.4 

.2 

17.8 

.2 

18.4 

.2 

16.8 

.2 

14.2 

.2 

15.6 

.4 

16.2 

12.0 

10.8 

10.3 

9.7 

9.8 

9.8 

8.6 

12.2 

13.6 

8.6 

12.5 

15.0 

13.6 

10.0 

12.6 


CH4. 


N. 


Total. 


5.1 
7.0 
5.7 
5.6 
5.6 
5.4 
5.7 
4.1 
4.0 
5.1 
4.0 
4.0 
3.6 
6.2 
4.6 


61.3 

58.2 

57.6 

59.1 

56.0 

55.6 

57.0 

56.5 

53.2. 

57.7 

54.3 

53.0  I 

56.6  ' 

56.6 

54.2  1 


100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 


a  December  13.  b  December  14. 

Producer-gas  te'it  No,  15^  Colorado  No.  1  coal. 

[Recorded  by  W.  G.  Weidmann,  Kurt  Toensfeldt,  and  R.  E.  Peshak,  December  13. 14, 1904.] 

1.  Duration  of  test,  in  hours 

AVBBAGE  TEMPERATURE,  °P. 

2.  Gas  leaving  producer 

3-6.  (See  footnote  on  page  1027. ) 

OrTBIDB  POWER  CHARGED  AGAINST  PRODUCER  PLANT. 

7.  Total  steam  used  by  producer pounds. . 

8.  Steam  used  by  producer  per  hour do 

9.  Equivalent  in  pounds  of  coal  per  hour 

10.  Equivalent  in  pounds  of  dry  coal  per  hour 

11.  Equivalent  in  pounds  of  combustible  per  hour 

12.  Average  horsepower  required  to  drive  auxiliary  machinery 

COAL  CONSUMED  IN  PRODUCER. 

16.  Total  coal  consumed pounds. . 

17.  Moisture  in  coal per  cent. . 

18.  Total  dry  coal  consumed pounds. . 

19.  Refuse  from  dry  coal per  cent. . 

20.  Total  refuse  from  coal pcjunds. . 

21.  Total  combustible  consumed do 
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136.4 
152.9 
159. 6 
150.6 
157.9 
155.8 
154.5 
142.0 
144.1 
146.4 
150.3 
153.4 
136.2 
155.3 
149. 4 


30 


650 


9,240 

308 

64 

51 

47.3 
13.8 


10,933 

-20.24 
8,720 
7.34 
640 
8,080 
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OPERATIONS   OF    THE    COAL-TESTING    PLANT. 


COAL  PER   HOUR. 

22.  Coal  consumed  in  producer .pounds. 

23.  Dry  coal  coneumed  in  producer do. . . 

24.  Combustible  consumed  in  prodmrer do. . . 

25.  Equivalent  coal  used  by  producer  plant do. . . 

26.  Equivalent  dry  coal  used  by  producer  plant do. . . 

27.  Univalent  combustible  used  by  producer  plant do. . . 


3W.4 
290.7 
269. 3 
428.4 
341.7 
316.6 


28.  Coal  as  fired  . 

29.  Dry  coal 

30.  Combustible . 


COAL  CONSUMED  PER  SQUARE  FOOT  OF  FUEL  BED  PER  HOUR. 


9.48 

7.56 
7.00 


BRITISH  THERMAL  UNITS  FROM  COAL. 

31.  Per  pound  of  coal  as  fired 9, 767 

32.  Per  pound  of  dry  coal 12,245 

33.  Per  pound  of  combustible 1 3, 210 

34.  From  coal  as  fired,  per  hour 3, 560, 000 

35.  From  dry  coal,  per  hour 3, 560, 000 

36.  From  combustible,  per  hour 3, 560, 000 


GAS  PRODUCED,  CUBIC  FEET. 

[Gas  at  629  F.  and  14.7  pounds  pressure.] 
37.  Total , 460,300 


38.  Per  hour 

39.  Per  pound  coal  consumed  in  producer 

40.  Per  pound  dry  coal  consumed  in  producer 

41 .  Per  ]X)und  combustible  consumed  in  producer 

42.  Per  pound  equivalent  coal  used  by  producer  plant 

43.  Per  pound  equivalent  dry  coal  used  by  producer  plant 

44.  Per  pound  equivalent  combustible  used  by  producer  plant . 


15,343 
42.1 
52.8 
57.0 
35.8 
44.9 
48.5 


BRITISH  THERMAL  UNITS  FROM  STANDARD  GAS. 


45.  Per  cubic  foot 

46.  Per  pound  dry  coal  burned  in  producer . 

47.  Per  hour  per  brake  horsepower 


149 
7,860 
9,700 


AVERAOF.  HORSEPOWER  DEVEI/1PF.D. 


48.  Electrical  horsepower  available  for  outside  purpones . 

49.  Electrical  horsepower  develoi)ed  at  switch  board 

50.  Brake  horsepower  available  for  outside  purposes 

51 .  Brake  horsepower  developed  at  engine 


186.4 
200.2 
219.  3 
235.4 


EKFiriENCIl-S, 


52.  Of  conversion  and  cleaning  ga#« . 

53.  Of  producer  plant ...  o 


.642 
.543 
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OPERATIONS   OF   THE   COAL-TESTING   PLANT. 


COAL  PER  HUBSEPOWER  PER  HOUR. 


54. 


65. 


56. 


Poundfl  consumed  in  producer  per  electrical  horsepower 
available  for  outside  purposes 


Pounds  consumed  in  producer  per  electrical  horsepower 
developed  at  switch  Doard 


Pounds  consumed  in  producer  per  brake  horsepower « 
available  for  outside  purposes 


57.  Pounds  consumed  in  producer  per  brake  horsepower  a 
developed  at  engine 

Eouivalent  ix)unds  used  by  producer  plant  per  electrical 
Horsepower  available  for  outside  purposes 

Eouivalent  pounds  used  by  producer  plant  per  elet^trical 
horsepower  developed  at  switch  board 

Eijuivalent  pounds  used   by  producer  plant    per  brake 
horsepower  «  available  for  outside  purposes 


58. 


59. 


60. 


61. 


Eouivalent  pounds  used   by  producer  plant  per   brake 
horsepower  «  developed  at  engine ^. . . 


Coal  as  fired. 

Dry  coal. 

(k>mbu.«>tlble. 

1.95 

1.56 

1.45 

1.  82 

L45 

1.^5 

1.66 

1.32 

1.23 

1.55 

1.23 

1.14 

2.30 

L83 

1.70 

2.14 

1.71 

1.58 

1.95 

1.56 

1.44 

1.82 

1.45 

1.34 

a  Based  on  an  amumed  efficiency  of  85  per  cent  for  generator  and  belt. 

AVERAGE  COMPOSITION  OP  COAL  AND  GAS. 

62.  Coal:  Percent.     63.  Gas  by  volume:  Percent. 

Moisture 20.24  I  Carbon  dioxide  (CO,) 10.11 

Volatile  matter 32.26  Oxygen  (O,) 55 

Carbon  monoxide  (CO) 17. 38 


Fixed  carbon 41. 65 

Ash 5.85 


100.00 


Sulphur . 


.60 


Hydrogen  (H,) 11.05 

Methane  (CH4) 5.00 

Nitrogen  (N,) 55.91 

100.00 


PRODUCER-GAS   TESTS. 
GAS   ENGINE. 
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From  4.25  p.  m.  to  4.45  p.  m.  December  13  the  engine  was  shut  down  in 
order  to  change  the  indicator  cocks.  The  old  cocks  leaked  badly,  thu«  causing 
back  tiring.  The  test  was  continued  until  4.40  p.  m.  December  14,  making  a  full 
thirtv-hour  test. 


Right  cyUnder.    M.  B.  P.,  58;  Max.,  SOO;  ReL,  SS;  I.  H.  K,  tSJ. 


Center cyUnder.     M.  E.  P., M;  Max..  S80;  Rel.,  tS;  I.  H.  P.,  M. 


Left  cylliider.    M.  E.  P.,  M;  Max..  MO;  Rel.,  SO:  1.  H.  P.,  90. 


Indicator  diagrams  taken  December  14. 1904,  during  gas-engine  test  No.  16,  on  Colorado  No.  1  coal.    Scale  of  spring,  80; 

revolutions  per  minate,  204. 


1042  OPERATIONS    OF   THE    COAL-TESTING    PLANT. 

Report  of  gwn-eiigine  test  No.  15. 

Recorded  by  K.  Toensfeldt  and  W.  C.  Weidmann  December  13  and  14,  1904. 
Producer  test  No.  15. 

Coal:    General  number,   Colorado  No.    1;    special  number,   G.   P.   15.     Car  initials  and  number, 
C,  B.  and  Q.  81529. 

Duration  of  test,  in  hours 30 

Revolutions  per  minute  ( mean ) 202. 8 

Explosions  per  minute  (mean ) 101. 4 

Cubic  feet  gas  per  hour,  by  meter 15, 183 

Cubic  feet  standard  gaa  per  hour  ( i.  e.,  62°  F.,  14.7  pounds  pressure) 15, 333 

Maximum  pressure:  , 

First  cylinder 360.7 

Second  cylinder •. 270. 3 

Third  cylinder 258 

Pressure  at  release: 

First  cylinder 29. 95 

Second  cylinder 29. 31 

Third  cylinder 27. 40 

Mean  effective  pressure: 

First  cylinder 58. 43 

Second  cylinder 58. 50 

Third  cylinder 52. 46 

Indicated  horsepower: 

First  cylinder 92. 92 

Second  cylinder 93. 30 

Third  cylinder 84.  20 

Total  indicated  horsepower 270. 42 

Horse]X)wer  delivered  (electrical  horsepower ) 200.  2 

Mechanical  efficiency  (engine  and  generator  combined ) per  rent . .  74. 1 

Cubic  feet  standard  gas  per  hour  per  indicated  horsepower 56.  7 

Cubic  feet  standard  gas  per  hour  per  electrical  hor8e[)ower 76.  7 

ILLINOIS  No.  3. 
GENERAL    KESl'LTS. 

The  general  results  of  Illinois  No.  3  coal  are  shown  in  the  following  tables: 
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OPERATIONS   OF   THE   COAL-TESTING   PLANT. 
OAS  ANALYSES. 


Time. 

COj. 

6.5 

8.0 

9.4 

10.4 

8.0 

9.6 

10.4 

11.0 

10.8 

10.4 

10.2 

10.2 

9.2 

11.2 

11.8 

12.2 

0.. 

CO. 

H,. 

CH4. 

N. 

Total. 

B.  T.  U. 

9.55  a.  m.  « 

11.55  a.  m 

0.3 
1.0 
.0 
.6 
.6 
.2 
.6 
.2 
.0 
.0 
.2 
.0 
.0 
.0 
.2 
.0 

19.2 
20.2 
18.4 
17.0 
19.0 
16.8 
16.6 
16.4 
16.2 
16.6 
15.6 
16.6 
13.6 
12.4 
11.6 
11.6 

2.3 

9.1 

7.9 

4.9 

11.8 

12.1 

6.9 

6.0 

12.8 

11.1 

8.3 

11.8 

10.0 

12.4 

2.4 

2.0 

4.1 
3.4 
3.5 
3.4 
1.3 
4.2 
4.0 
4.1 
3.5 
3.5 
3.6 
3.1 
5.6 
5.6 
6.7 
7.2 

67.6 
58.3 
60.8 
63.7 
59.3 
57.1 
61.5 
62.3 
56.7 
58.4 
62.1 
58.3 
61.6 
58.4 
67.3 
67.0 

100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 

118.7 
138.4 

1.30  p.  m 

129.0 

3.45  p.  m 

112.6 

5.30  p.  m 

121.2 

7.30  p.  m 

145.5 

9.30  p.  Ill 

124.5 

11.30  p.  in 

121.8 

1.30a.  m.ft 

133.8 

3.30  a.  m 

133.8 

5.30  a.  m 

120.6 

7.30  a.  in 

132. 0 

9.30  a.  m 

141.9 

11.30  a.  m 

146.1 

1.30  p.m 

120.2 

3.30  p.  m 

124.1 

aO 

ctobvr  31. 

ft  November  1. 

Producer-gas  test  Ao.  tf,a  lllinou  No.  S  coal. 
[Recorded  by  M.  H.  Mount  and  R.  E.  Peshak,  October  Sl-November  1, 1904.] 
1.  Duration  of  test,  in  hours* 

AVERAQE  TEMPERATURE,  °  F. 


2.  (xae  leaving  producer 

3-6.  (See  footnote  on  p.  1027.) 

OUTHIDE  POWER  f'HAROED  AGAINST  PRODUCER  PLANT. 

7.  Total  steam  used  by  producer pounds. 

8.  Steam  used  by  producer  per  hour do. . . 

9.  Equivalent  in  pounds  of  coal  per  hour 

10.  Equivalent  in  pounds  of  dry  coal  per  hour 

11.  Equivalent  in  pounds  of  combustible  per  hour 

12.  Average  horsepower  required  to  drive  auxiliary  machinery 

13.  Total  water  used  in  scrubber  and  tar  extractor cubic  feet . 

14.  Cubic  feet  of  water  per  hour  per  horsepower  of  pnxlucer  plant 

15.  Cubic  feet  of  water  per  1,000  cubic  feet  of  gas  produced 


COAL  CONSUMED   iN   PROrUTER. 

16.  Total  coal  consumed {khhuI^. 

17.  Moisture  in  coal p<»r  cent . 

18.  Total  dry  coal  con8Uine<l pounds. 

19.  Refuse  from  dry  coal j>er  cent . 

20.  Total  refuse  from  coal i>oiin(lj*. 

21 .  Total  combustible  conMuiiuMl <lo. . . 


30 


753 


6,690 
223 
36 
33.4 
29.9 
7.1  • 
1,828 

.244 
3.5 

10,500 

7.  62 
9,700 

10.53 
1,021 
8,679 


n  (iHs-prodiiccr  hoppiT  lortke<i. 
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1054  OPERATIONS   OF   THE    COAL-TESTING   PLANT. 

COAL  PER  HOUR. 

22.  Coal  consumed  in  producer pounds. .  350 

23.  Dry  coal  consumed  in  producer do 323. 3 

24.  Combustible  consumed  in  producer do 289. 3 

25.  Equivalent  coal  used  by  producer  plant do 386 

26.  Equivalent  dry  coal  used  by  producer  plant do 356. 7 

27.  Equivalent  combustible  used  by  producer  plant do 319. 2 

(OAL  CX)NflUMED  PER  SQUARE  FOOT  OP  PUBL  BED  PER  HOUR. 

28.  Coal  as  fired 9.10 

29.  Dry  coal 8.41 

30.  Combustible 7.53 

BRITIHH  THERMAL  UNITS  PROM  COAL. 

31.  Per  pound  of  coal  as  fired 12, 046 

32.  Per  pound  of  dry  coal 13, 041 

33.  Per  pound  of  combustible 14, 560 

34.  From  coal  as  fired,  per  hour 4, 215, 000 

35.  From  dry  coal,  per  hour 4,  215, 000 

36.  From  combustible,  per  hour 4, 215, 000 

GA8  PRODUCED,  CUBIC  FEET. 

[Gas  at  62^^  F.  and  14. 7  pounds  pressure.] 

37.  Total 522,350 

38.  Per  hour 17,412 

39.  Per  pound  coal  consumed  in  producer 49. 8 

40.  Per  pound  dry  coal  consumed  in  producer 53. 9 

41.  Per  pound  combustible  consumed  in  producer 60. 2 

42.  Per  pound  equivalent  coal  used  by  producer  plant 45. 1 

43.  Per  pound  equivalent  dry  coal  used  by  producer  plant 48.8 

44.  Per  pound  equivalent  combustible  used  by  producer  plant 54. 5 

BRITISH  THERMAL  UMTS  PROM  STANDARD  OAS. 

45.  Per  cubic  foot 154.8 

46.  Per  pound  dry  coal  burned  in  producer 8, 330 

47.  Per  hour  per  brake  horsepower 11, 460 

AVERAGE  HORSEPOWER  DEVELOPED. 

48.  Electrical  horsepower  available  for  outside  purposes 192. 5 

49.  Electrical  horsepower  developed  at  switch  board 199. 6 

50.  Brake  horsepower  available  for  outside  purposes 226. 5 

51.  Brake  horsepower  developed  at  enjjine 235 

EFFICIENCIES. 

52.  Of  conversion  and  cleaning  ga.H .  640 

53.  Of  producer  plant .  578 


PRODUCER-GAS   TESTS. 

GOAL  PKR  HOR8EFOWBR  PER  HOUR. 


I 


54.  Pounds  consumed  in  producer  per  electrical  horsepower 
available  for  outside  purposes 


55. 


Pounds  consumed  in  producer  per  electrical  horsepower 
developed  at  switch  board 


56.  Pounds  consumed  in  producer  per  brake  horsepower « 
available  for  outside  purposes 


57, 


68. 


59. 


Pounds  consumed  in  producer  per  brake  horsepower « 
developed  at  engine 


Kauivalent  pounds  used  by  producer  plant  per  electrical 
n( 


horsepower  available  for  outside  purposes . 


Eauivaient  pounds  used  by  producer  plant  per  electrical 
horsepower  developed  at  switch  board 


60.  Eauivaient    pounds  used    by  producer   plant  per  brake 
norwjpower  «  available  for  outside  purposes 


61. 


Eauivaient   pounds  used   by  producer  plant   per  brake 
norsepower  a  developed  at  engine 
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B  fired. 

Dry  coal. 

Combustible. 

1.82 

1.68 

1.60 

1.75 

1.62 

1.45 

1.54 

1.43 

1.28 

1.49 

1.38 

1.23 

2.01 

1.85 

1.66 

1.93 

1.79 

1.60 

1.70 

1.58 

1.41 

1.64 

1.52 

1.36 

a  Based  on  an  a»mned  efficiency  of  85  per  cent  for  generator  and  belt. 


AVERAQE  COMPOSITION  OP  COAL  AND  OA8. 


62.  Coal: 


Moisture  . 


Per  cent. 
.       7.62 


Volatile  matter 30.87  | 

Fixed  carbon 51.  78  I 

Ash 9.73 


Sulphur  . 


100.00 
1.69 


3.  Gas  by  volume:  Percent. 

Carbon  dioxide  (CO,) 10. 53 

Oxygen  (O,) 15 

Carbon  monoxide  (CO) 15. 31 

Hydrogen  (H,) 8.36 

Methane  (CHJ 4. 46 

Nitrogen  (N,) 61.20 

100.00 
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OPERATIONS   OF   THE    COAL-TESTING   PLANT. 


GAS   ENGINE. 

Owing  to  the  necessity  of  repairing  the  hose  connections  from  the  water-supply 
pipe  to  the  tar  extractor,  the  load  was  taken  off  the  engine  for  forty  minutes  at 
3.14  p.  m.  October  31.  In  order  to  make  the  full  thirty -hour  test,  the  time  lost 
was  added  to  the  latter  part  of  the  run.  In  making  up  the  report  a  full  hour  was 
deducted  for  the  interruption  in  the  continuity  of  the  test. 

The  test  on  this  coal  was  very  satisfactory.  The  gas  was  good  and  the  coal 
easily  handled.  There  were  no  signs  of  clinkers  in  the  fire,  and  it  is  certain  that 
this  coal  could  be  used  continuously  without  trouble  from  that  source.  It  may  be 
considered  a  good  gas-producer  coal. 

Sixty  gallons  of  tar  were  extracted  during  the  run. 


Rlffht  cylinder     M  E.  P.,  67.5;  Max.,  UO;  Rel.,  SI ;  I.  H.  P.,  91.L 


Center  cylinder.    M.  E.  P.,  M;  Max.,  9M;  Rel ,  SO;  I.  H.  P.,  88.S. 


Left  cylinder.    M.  E.  P.,  68;  Max.,  242;  Rel..  28;  I.  H.  P.,  82.3. 


Indicator  diagrams  taken  October  31,  1904,  during  ga<^enginc  test  No.  6,  on  Illinois  No.  3  coal.    Scale  of  spring.  80; 

revolutions  per  minute,  201. 


PBODUCEB-GAS   TESTS.  1057 
Report  of  gas-engine  test  No.  6. 

Recorded  by  R.  W.  Cummings  and  W.  C.  Weidmann,  October  31-November  1,  1904. 
Producer  test  No.  6. 

(/oal:  General  number,  Illinois  No.  3;  special  number,  G.  P.  6.     Car  initials  and  number,  C.  and  £.  I. 
14260. 

Duration  of  test,  in  hours 30 

Revolutions  per  minute  (mean) 200. 9 

Explosions  per  minute  (mean) 100. 4 

Cubic  feet  gas  per  hour,  by  meter 17, 607 

Cubic  feet  standard  gas  per  hour  (i.  e.,  62°  F.,  14.7  jwunds  pressure) 17, 395 

Maximum  pressure: 

First  cylinder. ....: 266.1 

Second  cylinder 286. 8 

Third  cylinder 242.4 

Pressure  at  release: 

First  cylinder 30.26 

Second  cylinder 30 

Third  cylinder 27.7 

Mean  effective  pressure: 

First  cylinder 61.23 

Second  cylinder , 57. 66 

Third  cylinder 50.46 

Indicated  horsepower: 

First  cylinder 96.92 

Second  cylinder ., 91. 26 

Third  cylinder 80.03 

Total  indicated  horsepower 268. 21 

Horsepower  delivered  (electrical  horsepower) 199. 6 

Mechanical  efficiency  (engine  and  generator  combined) per  cent. .  74. 4 

Cubic  feet  standard  gas  per  hour  per  indicated  horsepower 64. 8 

Cubic  feet  standard  gas  per  hour  per  electrical  horsepower '. 87. 1 

ILLINOIS  No.  4. 
GENERAL   RESUI.TS. 

The  general  results  of  tests  of  Illinois  No.  4  coal  are  shown  in  the  following 
tables: 
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Tfme. 

CO,. 

0,. 

CO. 

Hs. 

CH4. 

1 
N.        1     Total. 

57.  3       100. 0 

58.  8       100. 0 

57.  6       100. 0 

57. 1  100. 0 

56.  7       100. 0 
58. 5       100. 0 

58.  8       100. 0 
59. 9       100. 0 
58. 9       100. 0 

57.  5       100. 0 

55.  7       100. 0 
55.3       100.0 

58.7  1     100.0 
59. 0       100. 0 

57.8  100.0 

59.9  [     100.0 
57.5  !     100.0 
67.  2       100. 0 

56.  2       100. 0 

57.  2       100. 0 

59.0  100.0 

64.2  !     100.0 
64.  7       100. 0 

69. 3  100.  0 
58.7       100.0 
55.9       100.0 
57.  3  ;     100. 0 

59.1  100.0 

*Iov  ember  11. 

B.  T.  U. 

B.  T.  U. 
standard- 
ized. 

8.60  a.  rn.o 

11  a.  m 

6.8 

8.6 

8.6 

9.0 

8.8 

9.0 

8.8 

8.8 

9.0 

8.4 

8.0 

8.0 

8.8 

9.6 

9.8 

9.6 

10.0 

12.2 

11.0 

10.6 

10.0 

11.0 

11.2 

12.6 

11.2 

10.8 

11.0 

10.8 

0.6 
.0 
.0 
.0 
.0 
.2 
.2 
.0 
.0 
.8 
.4 
.2 
.2 
.2 
.0 
.0 
.2 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.2 
.0 
.2 
.0 

n  Novell 

18.4 
16.6 
16.4 
16.4 
16.2 
15.6 
15.0 
15.4 
15.4 
15.6 
20.8 
20.0 
17.2 
15.6 
16.0 
15.0 
14.8 
9.2 
14.6 
14.8 
14.0 
11.8 
9.6 
6.2 
14.6 
16.2 
15.8 
16.0 

13.5 

11.3 

12.5 

12.3 

12.3 

9.3 

10.1 

8.1 

9.4 

10.4 

8.4 

12.0 

9.3 

7.8 

12.2 

9.3 

12.1 

5.7 

11.5 

12.6 

10.3 

6.8 

6.3 

2.0 

11.2 

13.0 

9.9 

10.0 

3.4 
4.7 
4.9 
5.2 
6.0 
7.4 
7.1 
7.8 
7.3 
7.3 
6.7 
4.5 
5.8 
7.8 
4.2 
6.2 
5.4 
5.7 
6.7 
4.8 
6.7 
6.2 
8.2 
9.9 
'4.1 
4.1 
5.8 
4.1 

ft] 

147.4 
147.3 
152.7 
166.4 
163.2 
165.6 
162.8 
165.5 
158. 3 
168.2 
173.2 
159.4 
154.2 
174.7 
143.0 
150.5 
151.3 
112.7 
162.3 
147.0 
156.1 
130.9 
142.8 
138.0 
134.0 
145.0 
151.8 
134.3 

146.7 
147.2 

12m 

152  6 

1  p.  m. 

166.4 

2p.  m -- 

166.4 

3p.  m 

4d.  in.... 

165.5 
162.7 

5d.  ni . 

164.8 

6d.  m 

157.6 

8  p.  m 

9.15  p.  m 

10  p.  m 

167.3 
172.4 
158. 1 

11  D.  m 

153.8 

12  p.  m 

172.8 

1  a.  m.* 

141.2 

2  a.  m 

148.8 

3  a.  m 

149. 1 

4  a.  m 

110.4 

5  a.  m 

160.3 

6  a.  m 

145.0 

7  a.  m 

153. 6 

8a.  in 

129.0 

9  a.  m 

141.7 

10  a.  m 

139.3 

11  a.  m 

136.7 

12  m 

146.7 

1  p.  m 

153.0 

2d.  m 

134.8 

»ber  10. 

Producer-go^  test  No.  .9,«  Illinois  Xo.  4  coal. 
[Recorded  by  M.  H.  Mount  and  R.  E.  Peshak,  November  10,  11, 1904.] 

1.  Duration  of  teat,  in  hours 

AVERAGE  TEMPERATURE,  °F. 

2.  Gas  leaving  producer 

3-6.  (See  footnote  on  p.  1027.) 


30 

882 


a  Gdii-producer  liopper  leaked. 


1064  OPERATIONS   OF   THE   COAL-TESTING   PLANT. 

OUTSIDE  POWER  CHARGED  AQAINn*  PRODUCER  PLANT. 

7.  Total  Bteam  uaed  by  producer poundp. .  7, 800 

8.  Steam  used  by  producer  per  hour do 260 

9.  Equivalent  in  pounds  of  coal  per  hour 48. 2 

10.  Equivalent  in  pounds  of  dry  coal  per  hour 42. 2 

11.  Equivalent  in  pounds  of  combustible  per  hour 37. 8 

12.  Average  horsepower  required  to  drive  auxiliary  machinery 9. 3 

13.  Total  water  useti  in  scrubber  and  tar  extractor cubic  feet. .  3, 597 

14.  Cubic  feet  of  water  per  hour  per  horsepower  of  producer  plant .48 

15.  Cubic  feet  of  water  per  1,000  cubic  feet  of  gas  produced 6. 71 

CX)AL  CONSUMED  IN  PRODUCER. 

16.  Total  coal  consumed pounds. .  10, 500 

17.  Moisture  in  coal percent..  12.43 

18.  Total  dry  coal  consumed pounds. .  9, 190 

19.  Refuse  from  dry  coal per  cent. .  10. 53 

20.  Total  refuse  from  coal pounds..  968 

21.  Total  combustible  consumed do 8, 222 

COAL  PER  HOUR. 

22.  Coal  consumed  in  producer pouhds. .  350 

23.  Dry  coal  consumed  in  producer do 306. 3 

24.  Combustible  consumed  in  producer do 274. 1 

25.  Equivalent  coal  used  by  producer  plant do 398.  2 

26.  Equivalent  dry  coal  used  by  producer  plant do 348. 5 

27.  tkjuivalent  combustible  used  by  producer  plant do 311. 9 

COAL  CONSUMED  PER  SQUARE  FOOT  OF  FUEL  RED  PER  HOUR. 

28.  Coal  as  fired 9.10 

29.  Dry  coal 7.96 

30.  C^Jombustible 7.12 

BRITISH  THERMAL  UNITS  FROM  COAL. 

31.  Per  pound  of  coal  as  fired j 11, 237 

32.  Per  pound  of  dry  coal 12, 834 

33.  Per  pound  of  combustible 14, 344 

34.  From  coal  as  fired,  per  hour 3,930,000 

35.  From  dry  coal,  per  hour 3,930,000 

36.  From  combustible,  per  hour 3, 930, 000 

OAS  PRODU<KI),   CUBIC  FEET. 

[Oas  at  62°  F.  and  14.7  pounds  pressure.] 

37.  Total 536,435 

38.  Per  hour 17, 881 

39.  Per  pound  coal  consumed  in  producer 51.  i 

40.  Per  pound  dry  coal  consumed  in  producer 58. 4 

41.  Per  pound  combustible  consumed  in  producer 65.3 

42.  Per  pound  equivalent  coal  used  by  producer  plant 44. 9 

43.  Per  pound  equivalent  dry  coal  used  by  producer  plant 51.4 

44.  Per  pound  equivalent  combustible  used  by  producer  plant 67. 4 
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OPERATIONS   OF   THE   COAL-TESTING   PLANT. 


BRITI8H  THERMAL  UNITS  FROM  STANDARD  GA8. 


45.  Per  cubi(!  foot 

46.  Per  pound  dry  coal  burned  in  producer. 

47.  Per  hour  per  brake  horsepower 


AVRRAGK  MOR8EPOWER  DEVELOPED. 


48.  Electrical  horsepower  available  for  outside  purposes 

49.  Electrical  horsepower  developed  at  switchboard 

50.  Brake  horsepow^er  available  for  outside  purposes 

51.  Brake  horsepower  developed  at  engine 


EPriCIENCIB8. 


52.  Of  conversion  and  cleaning;  gaH. 

53.  Of  producer  plant 


COAL  PER   HORflRPOWBR  PER   HOUR. 


54.  Pounds  consumed  in  producer  per  electrical  horsepower 
available  for  outside  purposes 


55.  Pounds  consumed  in  producer  per  electrical  horsepower 
developed  at  switch  board 


56.  Pounds  consumed  in  producer  per  brake  horsepower « 
available  for  outside  purposes 


Pounds  consumed  in   producer  per  brake  horsepower « 
developed  at  engine 


58. 


Eauivalent  pounds  used  by  producer  plant  per  electrical 
horsepower  available  for  outside  purposes 


Eauivalent  pounds  used  by  producer  plant  per  electrical 
horsepower  developed  at  switch  board 


60. 


61. 


Eauivalent  pounds  used   by  producer  plant  per  brake 
horsepower  «  available  for  outside  purposes 


Eauivalent  pounds  used  by   producer  plant   per  brake 
horsepower  «  developed  at  engine 


nU  as  fired. 

1. 

m 

1. 

76 

1. 

57 

1. 

50 

2. 

11 

2.01 

1. 

79 

1. 

71 

151.5 

8,840 

11,620 

189.1 

198.4 

223 

233 

.690 

.603 

Dry  coal. 


1.62 
1.55 
1.37 
1.31 
1.85 
1.76 
1.56 
1.50 


Combustible. 

1.45 
1.38 
1.23 
1.17 
1.65 
1.57 
1.40 
l.:i4 


a  Based  on  an  aHsiime<i  efficiency  of  85  per  cent  for  generator  and  belt. 


62.  Coal:  Percent. 

Moisture 12.43 

Volatile  matter 32. 65 

Fixed  carlx)n 45.  70 

Ash 9.22 


Sulphur  . 


AVERAOK  COMPOHITIO.X   OF  COAL  AND  GAS. 

63.  Gas  by  volume:  Percent. 

Carbon  dioxide  (COj) '  9.72 

Oxygen(0,) 12 

Carbon  monoxide  (CO) 15. 12 

Hydrogen  (H,) 9.98 

Methane  ( CH  J 6. 00 

Nitrogen  (N,) 59.06 


100.00 
1.41 


100.00 


PRODUCEB-GAS   TESTS. 
GAS   ENGINE. 
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Although  the  load  was  reduced  for  twenty  minutes  from  3.45  a.  m.  to  4.06 
a.  m.  November  11,  this  was  disregarded  in  making  up  the  report,  as  it  was  so 
brief  a  period  out  of  the  thirty  hours.  The  report  is  based  on  the  results  of  the 
full  run  from  8.46  a.  m.  November  10  to  2.46  p.  m.  November  11,  thirty  hours. 


Right  cylinder     M  E.  P..  54;  Max  .  280;  Kel..  14;  I.  H.  P.,  KM 


Ontrr  cylinder.    M.  E.  P.,  54;  Max.,  SM;  RH.. .»;  I.  H.  P..  «7.45. 


Left  cylinder.    M.  B.  P.,  48;  Max.,  190;  Rel.,  S4 ;  I.  H.  P.,  77.lw 


Indicator  dia^ramn  taken  November  10,  1904,  during  gas-engine  test  No.  9,  on  IllinoiM  No.  4  coal.     Scale  of  spring,  M: 

revolutions  per  minute,  205.7. 

There  was  no  difficulty,  during  the  whole  of  the  test  of  Illinois  No.  4,  in 
keeping  the  producer  bed  in  good  condition.  The  coal  yielded  76  gallons  of  tar, 
and  gave  a  rich,  uniform  gas,  which  left  no  trace  of  tar  or  sulphur  in  the  engine 
valves.     It  may  be  placed  among  the  grade  of  gas-producer  coals. 


1068  OPERATIONS   OF   THE   COAL-TESTING   PLANT. 

Report  of  ga^-engine  test  No.  9, 

Recorded  by  R.  W.  Cummings  and  W.  C.  Weidmann,  November  10,  11,  1904. 
Producer  test  No.  9. 

Coal:  General  number,  Illinois  No.  4;  special  number,  G.  P.  9.     Car  initials  and  number,  St.  I^., 
T.  and  E.  1057. 

Duration  of  test,  in  hours ISO 

Revolutions  per  minute  (mean) 202. 9 

Explosions  per  minute  (mean) 101. 5 

Cubic  feet  gas  per  hour,  by  meter  . . . ., 17, 712 

Cubic  feet  standard  gas  per  hour  (i.  e.,  62°  F.,  14.7  pounds  pressure) 17,871 

Maximum  pressure: 

First  cylinder 262. 5 

Second  cylinder 265 

Third  cylinder 264.1 

Pressure  at  release: 

First  cylinder 26 

Second  cylinder 29. 5 

Third  cylinder 24. 5 

Mean  effective  pressure: 

First  cylinder 53. 6 

Second  cylinder 66. 14 

Third  cylinder 67.03 

Indicated  horsepower: 

First  cylinder , 85.52 

Second  cylinder 89.  72 

Third  cylinder 81-.  79 

Total  indicated  horsepower *.  257.03 

Horsepower  delivered  (electrical  horsepower) 198. 4 

Mechanical  eflSciency  (engine  and  generator  combined) per  cent..  77.2 

Cubic  feet  standard  gas  per  hour  per  indicated  horsepower 69. 55 

Cubic  feet  standard  gas  per  hour  per  electrical  horsepower 90 

INDIANA   No.  X. 
GENERAL   RESULTfik 

The  general  results  of  tests  of  Indiana  No.  1  coal  are  shown  in  the  following 
tables: 


PBODUCER-GAS  TESTS. 
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GAS  ANALYSES. 


Time. 


CO,. 


9.15  a.  m.« 

12.15  p.m 

2.15  p.  m 

4.15  p.  m 

6.15  p.m 

8.15  p.m 

10.15  p.m 

12.15  a.  m.& 

2.15  a.m 

4.15  a.  m 

6.15  a.m 

8.15  a.m 

10.15  a.m 

12.15  p.  m.<- 

2.15  p.m 


7.6 

8.6 

9.2 

9.2 

8.4 

9.6 

9.4 

9.0 

9.4 

11.0 

10.6 

12.8 

9.6 

10.8 

11.2 


O^ 


0.8 
0.2 
0.4 
0.4 
0.8 
0.2 
0.0 
0.0 
0.2 
0.2 
0.0 
0.4 
0.2 
0.0 
0.2 


00. 


16.4 
14.0 
15.6 
15.6 
14.2 
15.0 
16.2 
18.4 
16.4 
12.2 
13.6 
14.0 
11.8 
10.6 
8.6 


H.. 


UO 

9.1 

11.1 

11.4 

9.0 

6.6 


CH4. 


3.4 
5.5 
6.0 
6.0 

5.8  I 

7.2 ; 


N. 


rotal. 


B.  T.  U. 


9.5 

5.9 

10.5 

6.4 

1.8 

7.2 

9.8 

4.9 

10.6 

5.5 

9.0 

6.0 

7.5 

6.9 

6.6 

7.5 

10.6 

6.9 

60.8 
62.6 
57.7 
57.4 
61.8 
61.4 
59.0 
55.7 
65.0 
61.  IB 
59.7 
57.8 
64.0 
64.5 
62.5 


a  December  2. 
b  December  3. 
o  11.16  a.  m.    Gas  sample  lost.    Next  sample  drawn  at  12.15  p.  m. 

I*roducer-gas  test  No.  14t^  Indiana  No.  I  coal. 
[Recorded  by  W.  C.  Weidmann  and  Kurt  Toenefeldt,  December  2-8, 1904.] 
1.  Duration  of  test,  in  hours 


100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 


AVKBAOK  TKMPERATITRR,  °  V. 

2.  Gas  leaving  producer 

3-6.  (See  footnote  on  pajfe  1027). 

OUTBIDE  POWER  CHARGED  AGAINST  PRODUCER  PLANT. 

7.  Total  steam  used  by  producer pounds. 

8.  Steam  used  by  producer  per  hour do... 

9.  Equivalent  in  pounds  of  coal  per  hour 

10.  Equivalent  in  pounds  of  dry  coal  per  hour 

11.  Equivalent  in  pounds  of  combustible  per  hour 

12.  Average  horsepower  required  to  drive  auxiliary  machinery 

13.  Total  water  used  in  scrubber  and  tar  extractor cubic  feet. 

14.  Cubic  feet  of  water  per  hour  per  horsepower  of  producer  plant 

15.  Cubic  feet  of  water  per  1,000  cubic  feet  of  gas  produced 


131.8 
139.1 
156.9 
158.0 
142.7 
152.0 
152.5 
168.9 
140.2 
128.9 
142.9 
144.1 
140.8 
139.8 
140.4 


29.67 


975 


6,970 
235 
40.1 
35.5 
31.5 
11.6 
5,828 

.79 
11.20 


aQafl-producer  hopper  leaked. 
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OPERATIONS   OF   THE    COAL-TESTING   PLANT. 

COAL  CONSUMED  IN  PRODICER. 


16.  Total  coal  consumed pounds. 

17.  Moisture  in  coal I)er  cent. 

18.  Total  dry  coal  consumed pounds. 

19.  Refuse  from  coal per  cent. 

20.  Total  refuse  from  dry  coal pounds. 

21.  Total  combustible  consumed do. . . 

COAL   PER   HOUR. 

22.  Ck)al  consume<l  in  producer pounds. 

23.  Dry  coal  consumed  in  producer do. . . 

24.  Combustible  consumed  in  producer do. . . 

25.  Equivalent  coal  used  by  producer  plant do  . . 

26.  Exjuivalent  dry  coal  used  by  pro<lucer  plant do. . . 

27.  Ecjuivalent  combustible  used  by  producer  plant do. . . 


11,700 

11.51 
11,360 
11.33 
1,180 
9,180 

394.5 
349.3 
309.5 
434.6 
384.8 
341 


28.  Ck)al  as  fired  . 

29.  Dry  coal 

30.  Combustible . 


COAL  CONSIMED  PER  SQUARE  FOOT  OF  FUEL  BED  PER  HOUR. 


10. :« 

9.10 

8.05 


BRIT1HH   THERMAL  UNITS  FROM  COAL. 


31.  Per  pound  of  cosA  as  fired 

32.  Per  pound  of  dry  coal 

33.  Per  pound  of  combustible, . . 

34.  From  coal  as  fired,  per  hour. 

35.  From  dry  coal,  per  hour 

36.  P'rom  combustible,  per  hour. 


GAS  PRODUCED.  CUBIC  FEET. 

[Oh«  III  tJ'J"^  F.  and  14.7  pounds  pressure.] 

37.  Total.... 

38.  Per  hour 

39.  Per  pound  coal  consumed  in  producer 

40.  Per  pound  dry  coal  consumed  in  producer 

41.  Per  pound  combustible  consumed  in  producer 

42.  Per  pound  equivalent  coal  used  by  producer  plant 

43.  Per  pound  equivalent  dry  coal  used  by  producer  plant 

44.  Per  pound  equivalent  combustible  ut«ed  by  producer  plant 


BR1TI8H  THERMAL  UNITS  FROM  STANDARD  GAS. 


45.  Per  cubic  foot 

46.  Per  i)ound  dry  coal  burne<l  in  producer. 

47.  Per  hour  j)er  brake  horsepower 


11,534 

13, 037 

14,  720 

4, 553, 000 

4,553,000 

4,553,000 


521, 100 
17,560 
44.5 
50.3 
56.7 
40.4 
45.6 
51.5 


153.7 
7,730 
11,480 
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AVERAGE  HORflEl'OWEE  DEVELOPED. 


48.  Electrical  horsepower  available  for  outside  purposes. 

49.  Electrical  horseiwwer  developed  at  switch  board 

50.  Brake  horsepower  available  for  outside  purposes 

61.  Brake  horsepower  developed  at  engine 


RFKICIENCIES. 


52.  Of  conversion  and  cleaning  gas  . 

53.  Of  producer  plant 


188.3 

199.9 

221.5 

235 

.593 

.535 

CX)AL  PER  HORSEPOWER  PBB  HOUR. 


54. 

55. 
56. 
57. 
58. 
59. 
60. 
61. 


Pounds  consumed  in  producer  per  electrical  horsepower 
available  for  outside  purposes 

Pounds  consumed  in  producer  per  elex^trical  horsepower 
developed  at  switt!h  board 

Pounds  consumed  in   producer  per  brake  horsepower « 
available  for  outside  purposes 

Pounds  consumed  in   producer  per  brake  horsepower « 
developed  at  engine 

Eouivalent  pounds  used  by  producer  plant  per  electrical 
horsepower  available  for  outside  purposes 


Equivalent  pounds  uned  by  pnnlucer  plant  i>er  electrical 
norsepo wer  develoi)ed  at  switch  boani 


Equivalent   pounds  used  by  producer  plant  per  brake 
horsepower  «  available  for  outside  purposes 


Equivalent   pounds  used  by  producer  [)lant   per   brake 
horsepower  "  developed  at  engine 


Coal 

RKflred. 

Dry  coal. 

Combustible. 

2.10 

1.86 

1.64 

1.97 

1.75 

1.55 

1.78 

1.58 

1.40 

1.68 

1.49 

1.32 

2.31 

2.04 

1.81 

2.17 

1.93 

1.71 

1.96 

1.74 

1.54 

1.85 

l.(H 

1.45 

«  Baxed  on  an  awumed  efficiency  of  85  per  cent  for  (generator  and  belt. 

AVERAGE  rOMP<»KITIOX   OF  COAL   A.VD  GAS. 


Coal:  Percent. 

Moisture 11.  51 

Volatile  matter 36.04 

Fixed  carbon 42.  37 

Ash 10.08 


lO'J.OO 
Sulphur 2. 61 


63.  Gas  by  volume: 

Carbon  dioxide  (CO,) . . . 

Oxygen  (O,) 

Carbon  monoxide  ((X))  . 

Hydrogen  (H,) 

Methane  (CHJ 

Nitrogen  (N,) 


Per  cent. 
.  9.89 
.25 
.  14.  10 
.  9.56 
.  6.08 
.     <50. 12 

100.00 


1078 


OPERATIONS   OF   THE   COAL-TESTING   PLANT. 


GAS  ENGINE. 

After  a  run  of  twent}^  minutes  on  part  load,  the  engine  was  brought  up  to  its 
normal  capacity,  and,  with  the  single  exception  of  a  reduction  in  load  for  a  few 
minutes,  due  to  the  carelessness  of  the  man  on  night  duty  at  the  producer,  the 
test  was  carried  through  without  interruption. 

The  gas  from  this  coal  was  of  unifonnly  good  qualit\\  No  trouble  was 
experienced  in  working  the  bed,  and  the  coal  may  be  considered  an  excellent 
producer  fuel.     It  yielded  about  70  gallons  of  black  tar. 


Rlffht  cylinder.    M.  E.  P.,  60;  Max.,  280;  ReL, »;  I.  H.  P.,  M.S. 


Center  cylinder.    M.  K.  P..  M:  Max..  MO;  ReL.  90;  I.  H.  P..  MJL 


XiCft  cylinder.    M.  E.  P.,  51;  Max..  SHO;  ReL,  M;  L  H.  P.,  SL0. 


Indicator  diagrams  taken  December  2, 1901,  during  gas-engine  test  No.  14,  on  Indiana  No.  1  coal.    Revolutions  per 

minute,  204. 


PRODUCER-GAS   TESTS.  1079 
Report  of  gwhengine  test  No.  14, 

Recorded  by  R.  W.  Ciiminings  and  VV.  C.  Weidmann,  December  2,  190^ ' 
Producer  test  No.  14. 

Coal:  General  number,  Indiana  No.  1;  special  number,  G.  P.  14.    Car  initials  and  number,  E.  and 
T.  H.  5274. 

Duration  of  test,  in  bours 29f 

Revolutions  per  minute  (mean) 202. 2 

Explosions  per  minute  (mean) 101. 1 

Cubic  feet  gas  per  hour,  by  meter 17. 710 

Cubic  feet  standard  gas  per  hour  ( i.  e.,  62°  F. ,  14.7  pounds  pressure) 17, 550 

Maximum  pressure: 

First  cylinder 265.8 

Second  cylinder '. 234. 9 

Third  cylinder 252.26 

Pressure  at  release: 

First  cylinder 29.33 

Second  cylinder 30.33 

Third  cylinder 27.73 

Mean  effective  pressure: 

First  cylinder 58.6 

Second  cylinder 58. 06 

Third  cylinder 53.73 

Indicated  horsepower: 

First  cylinder 92.32 

Second  cylinder 92.52 

Third  cylinder 85,66 

Total  indicate<i  horsepower 270.50 

Horsepower  delivered  (electrical  horsepower) 199. 9 

Mechanical  efficiency  (engine  and  generator  combined ) per  cent. .  73. 9 

Cubic  feet  standard  gas  per  hour  per  indicated  horsepower 64. 9 

Cubic  feet  standard  gas  per  hour  per  electrical  horsepower 87.8 

INDIANA  No.  2. 
GENERAL  RESULTS. 

The  following  tables  show  the  general  results  of  gas-producer  test  13,  Indiana 
No.  2  coal: 
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OPEBATIONS   OP   THE   COAL-TESTING   PLANT. 


•p«iR«»pipns 


'pvoisy 


•svS  }o  )9a}  Ofqno 


;o  uotanxpaaa  aiqao 


•^anno      5 


II- 


•laiai      S 


•BTIO        S 


-Vii  saiiaui) 


'(Xjna 

-jaaxsaqaaf)    I    !? 

gg^aina   i\y  1 


_        (Og)  jaonpoid  ^ 

jSniAnat  Btw  }o  ajn^iuadmax  '    ^ 


1H     OO 


'^    «o    c» 


e«   M   « 


g§S 


s  s 


o  o 

53  Ji 


§§ 


O    kO 


SJ    :  S) 


1 


A 
^ 


I 


1? 


So 


§1 

! 

ll 

cd  ft 
51 


■sajadinv      S 


■»ltoA 


1^ 
IS 

I 


■jejaui  n«M 


as 


ga^g 


I  Si 

is.  a 

ii 

si- 
lls 

a 

9 


'(;)daj  Ofqna)  j<nani  ja)«AV      *® 

I 


*  ( ' J  o)  8^  |o  aimwadoxax      "^ 


•  (jaoj  afqno)  ja^ani  sb© 


•(spunod) 
jaanpoid  Xq  pamnsuoo  ihoq 


a  s  s  £ 


s  s  s  s  s  s  s 


08     e!     *     «     " 

§?  ^.  s?  ^,  * 

O*    O*    Oi     3>     •— 


oa  «  « 
S  12  ^ 
d   o   d 


cS     qS     oS     oS 

^   i?   ."^   S 
<s   d   d   ^ 


s  s  s 

08  08*  « 

ift  p  lA 

rH  ?i  ?1 


s  s  s 

OS     oj     08* 

§5  i$  s  e 


B  B  S  B 

d  d  d  A 

S  US  S  g 

ci  w   c4  ci 


I 


'PMTprapa^ig 


'pnai  vy 


'«ajO)E>sjOfqti;> 


1^331  [00  i^^lrju 
|c>  aiiiiamptteu  ;>[qiL3 


I" 


IflUno 


^ini      Z 


PRODUCER-GAS   TESTS. 


1081 


"ireO      5 


•(Xino 
-jam  saqau)) 


9*    o 


2  8 

o   to 


CO    t* 

ai   at 


tO    o 


^ 


s 


^ 


^ 


I 

8 


I 


J" 


']iAj»ilmY      SS 


T»I10A      S 


I 


'ja^dmmv 


'J9)aui  n^AV 


I  I 

I       '(idd|  ajqna)  Jd^din  Jd^VAV      ^ 


'{'do)  ™* JO wmwddraax 


'(laaj  a^qna)  ja)dai  sbo 


:  (spunod) 

I  JAanpoid  Xq  potunsuoo  iik)3  ! 


•A     O 


a 


s  a 


EESSssaasESss 


ssasssasaes 


^  i$ 


1082 


OPERATIONS   OF    THE    COAL-TESTING   PL.VNT. 
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OPERATIONS   OF   THE   COAI^TESTING   PLANT. 
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OPERATIONS   OP   THE   COAL-TESTING   PLANT, 
GAS  ANALYSES. 


Time. 

CO.. 

10.2 
11.0 
11.2 
12.0 
11.2 
11.2 
9.4 
10.8 
10.2 
10.6 
10.8 
11.0 
11.0 
12.2 
12.2 

Of 

0.2 
.2 
.4 
.0 
.0 
.2 
.2 
.2 
^  2 

.2 
.2 
.0 
.0 
.0 
.2 

CO. 

Hf 

CH4. 

N. 

Total. 

B.  T.  U. 

9.48  a.  m.  « 

11.2 
10.6 
12.2 

9.8 
11.6 

9.6 
12.8 
17.2 
18.0 
16.2 
16.2 
13.8 
12.4 

9.8 
12.2 

8.5 

6.3 

14.1 

8.9 

7.6 

13.1 

11.2 

9.2 

14.9 

12.3 

14.0 

12.6 

12.3 

7.5 

12.0 

1.2 
8.4 
4.3 
5.1 
5.4 
4.9 
8.1 
6.3 
4.0 
4.1 
4.1 
6.0 
6.1 
5.6 
6.6 

68.7 
63.5 
57.8 
64.2 
64.2 
61.0 
58.3 
56.3 
52.7 
56.6 
54.7 
56.6 
58.2 
64.9 
56.8 

100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 

81.5 

11.50  a.  m 

150.0 

1.50  p.  m 

137.4 

3.50  p.  m 

120.0 

5.50  p.  m 

126.8 

7.50  p.m 

9.50  p.  m       

131.1 
169.9 

11.50  p.m 

1.50a.m.«> 

3.50  a.  ra 

159.1 
157.3 
143.0 

5.50  a.  ra 

7.50  a.  m 

148.9 
155.9 

9.50  a.  m 

151.0 

11.50a.m 

1.50  p.  m 

119.9 
154.6 

a  November  28.  b  November  29. 

Produrer-ga*  teM  Ao.  lSA^<t  Indiana  No.  2  cad. 

[Recorded  by  W.  C.  Weidmann  and  Kurt  Tocn.sfeldt,  November  28,  29. 1904.] 

1.  Duration  of  test,  in  hours 

AVBBAOE  TEMPERATl'RE.  °  K. 

2.  Gas  leaving  producer 

3-6.  (See  footnote  on  p.  1027. ) 

01  TSIDE  POWER  CHARGED  AOAINNT  PRODUCER  PLANT. 

7.  Total  steam  used  by  producer pounds. . 

8.  Steam  used  by  producer  per  hour do 

9.  Equivalent  in  pounds  of  coal  jxjr  hour 

10.  Equivalent  in  pounds  of  dry  coal  per  hour 

11.  E<]uivalent  in  pounds  of  comlmstible  per  hour 

12.  Average  horsepower  require<l  to  drive  auxiliary  machinery 

13.  Total  water  used  in  scrubber  and  tar  extractor culiic  feet. . 

14.  Cubic  feet  of  water  per  hour  per  horsejKJwer  of  producer  plant 

15.  Cubic  feet  of  water  per  1,000  cubic  feet  of  gas  produced 

a  Gaa-producer  hopper  leaked.    Test  No.  13  was  divided  into  two  parts,  aa  explained  on  p.  1097. 


21 


914 


5,313 

253 

41.6 

38 

34 

9.7 

2,996 

.570 
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OPERATIONS   OF    THE   COAL-TESTING   PLANT. 


COAL  CONPl'MED  IN  PRODirCER. 

16.  Total  coal  consumed pounds. 

17.  MoiHtiire  in  coal per  cent. 

18.  Total  dry  coal  consumed pounds. 

J9.  Refuse  from  dry  coal per  cent. 

20.  Total  refuse  from  coal poundd. 

21.  Total  combustible  consumed do. . . 

COAL  PER  HOUR. 

22.  Coal  coiisuined  in  producer pounds. 

23.  Dry  coal  (consumed  in  pnwlucer do. . . 

24.  Combustible  consumed  in  prg^lucer '. do. . . 

25.  Equivalent  coal  use<l  by  producer  plant do. . . 

26.  ICquivalent  dry  coal  used  by  producer  plant do. . . 

27.  Equivalent  combustible  used  by  prcKlucer  plant do. . . 


6,900 

8.72 
6,300 
10.66 
672 
562.8 

328.5 

300 

268 

370.1 

338 

302 


28.  Coal  as  fired. 

29.  Dry  coal 

30.  Combustible . 


CX)AL  CONSUMED  PER  SQUARE  KtK>T  OF  FI'EL   BED  .PER   HOUR. 


8.55 

7.80 
6.97 


BRITL*9H  THERMAL  I'NITS  FROM  COAL. 

31.  Per  pound  of  coal  as  fired , 11,822 

32.  Per  pound  of  dry  coal 12,953 

33.  Per  pound  of  combustible 14, 500 

34.  From  coal  as  fired,  i)er  hour 3,883,000 

;^.  From  dry  coal,  per  hour 3,883,000 

36.  From  combustible,  per  hour 3,883,000 

GAS  PRODUCED,  CUBIC  FEET. 

[Gas  at  62^  F.  and  14.7  pounds  pressure.] 

37.  Total 3aS,000 


38.  Per  hour. 

39.  Per  pound  coal  consumed  in  producer 

40.  Per  pound  dry  coal  consumed  in  prtKlucer 

41.  Per  pound  combustible  consumed  in  proilucer 

42.  Per  pound  equivalent  coal  used  by  producer  plant 

43.  Per  pound  equivalent  dry  coal  used  by  producer  plant 

44.  Per  pound  ec]uivalent  combustible  u.<?eil  by  protlucer  plant. 


15,860 
48.3 
52.8 
59.2 
42.8 
46.9 
52.5 


BRITISH  THERMAL   UMTS  FROM  STANDARD  GAS. 


45.  Per  cubic  foot 

46.  Per  pound  dry  coal  burned  in  producer. 

47.  Per  hour  per  brake  horsepower 


139.6 
7,380 
11,300 
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AVERAGE  HORSEPOWER  DEVELOPED. 


48.  Electrical  horsepower  available  for  outside  purpoees. 

49.  Electrical  horsepower  developed  at  switch  }x»ard 

50.  Brake  horsepower  available  for  outside  purposes 

51 .  Brake  horsepower  develo|>ed  at  engine 


EPFICIENCIFJ*. 


52.  Of  conversion  and  cleaning  gas. 
63.  Of  producer  plant 


156.8 

166.5 

184.5 

196 

.57 

.504 

COAL  PER  HORSEPOWER  PER   HOl'R. 


54.  Pounds  consumed  in  producer  per  electrical  horsejwwer 
available  for  outside  purposes 


55.  Pounds  consumed  in  producer  per  electrical  horsepower 

developed  at  switch  board 

56.  Pounds  consumed  in  producer  per  brake  horsepower" 

available  for  outside  purposes 


57.  Pounds  consumed  in  producer  per  brake  horsepower « 
developed  at  engine 


58.  Eouivalent  pounds  used  by  producer  plant  j)er  electrical 
nor8< 


[lorsepower  available  for  outside  purposes. 

luivalent  pounds  use<l  by  producer  pla 
[lorsepower  developed  at  switch  board. 


59.  Eouivalent  pounds  use<i  by  producer  plant  per  electrical 
nc 


60.  Equivalent  pounds  used  by  producer  plant  per  brake 

norsepower  «  available  for  outsi<le  purposes 

61.  Equivalent  pounds  used  by  producer  plant  per  brake 
ho 


norsepower  «  develope<i  at  engine 


Coal  as  flred. 

Dry  coal. 

Combustible. 

2.10 

1.91 

1.71 

1.97 

1.80 

1.61 

1.78 

1.63 

1.45 

1.68 

1.53 

1.37 

2.36 

2.16 

1.93 

2.22 

2.03 

1.81 

2.01 

1.83 

1.64 

1.89 

1.73 

1.54 

a  Based  on  an  assumed  efficiency  of  85  per  cent  for  generator  and  belt. 


AVERAGE  (X IMPOSITION*  OF  COAL  AND  OAS. 


62.  Coal:  Percent. 

Moisture 8.72 

Volatilem    ter 39.60 

Fixed  carbon 41.95 

Ash 9.73 


100.00 
Sulphur 4.23 

1403— No.  48,  pt  3—06 8 


63.  (Jas  by  volume: 


Per  cent. 

Carbon  dioxide  (CO,) 10.  a5 

Oxygen  (O,) 16 

Carbon  monoxide  (CO) 13. 45 

Hydrogen  (H,) 11.29 

Methane  (CH,) 5.52 

Nitrogen  (N,) 58.73 


100.  (X) 
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OPERATIONS   OF   THE   COAL-TESTING   PLANT. 


ProduoT-gas  test  No.  lSBy<*  Indiana  No.  2  coal. 
[Recorded  by  W.  C.  Weidmann  and  Kurt  Toensfeldt,  November  28,  29, 1904.] 
1.  Duration  of  test,  in  hours 


AVERAGE  TEMPERATrRE.  °  F. 

2.  Gas  leaving  producer 

3-6.  (See  footnote  on  p.  1027. ) 

OUTSIDE  POWER  CHARGED  A<JA1NST  PRODUCER  PLANT. 

7.  Total  Bteam  used  by  producer poiinds. 

8.  Steam  used  by  producer  per  hour do. . . 

9.  Equivalent  in  pounds  of  coal  per  hour 

10.  Equivalent  in  pounds  of  dry  coal  per  hour 

11.  Equivalent  in  pounds  of  combustible  per  hour 

12.  Average  horsepower  required  to  drive  auxiliary  machinery 

13.  Total  water  used  in  scrubber  and  tar  extractor cubic  feet. 

14.  Cubic  feet  of  water  per  hour  per  horsepower  of  producer  plant 

15.  Cubic  feet  of  water  per  1,000  cubic  feet  of  gas  produced 


COAL  CONSUMED  IN  PRODUCER. 

16.  Total  coal  consumed pounds. 

17.  Moisture  in  coal per  cent. 

18.  Total  dry  coal  consumed pounds. 

19.  Refuse  from  dry  coal per  cent. 

20.  Total  refuse  from  coal pounds. 

21.  Total  combustible  consume<l do. . . 

COAL  PER  HOUR. 

22.  Coal  consumed  in  producer pounds. 

23.  Dry  coal  consumed  in  producer do. . . 

24.  Combustible  consumed  in  producer do. . . 

25.  Equivalent  coal  useti  by  producer  plant do... 

26.  Equivalent  dry  coal  used  by  producer  plant do... 

27.  Equivalent  combustible  used  by  producer  plant do... 


1,031 


1,770 
253 
41.6 
38 
34 
•  9.6 
991.5 
.57 
8.12 


2,100 

8.72 
1,917 
10.66 
204.3 
1,  712. 7 

300 

274 

244.8 

338 

312 

278.8 


a  Gas-producer  hopper  leaked. 


PRODUCER-GAS   TESTS.  1098 

COAL  CONSUMED  PER  SQUARE  FOOT  OF  FUEL  BED  PER  HOUR. 

28.  Coal  as  fired 7.80 

29.  Dry  coal 7.10 

30.  Combustible 6.40 

BRITISH  THERMAL  UNITS  FROM  COAL. 

31.  Per  pound  of  coal  as  fired 11,822 

32.  Per  pound  of  dry  coal 12,953 

33.  Per  pound  of  combustible 14, 600 

34.  From  coal  as  fired,  per  hour 3, 550, 000 

35.  From  dry  coal,  per  hour \ 3, 550, 000 

36.  From  combustible,  per  hour 3, 550,  OOO 

OAS  PRODUCED.   CUBIC  FEET. 

[Oas  at  62°  F.  and  14.7  poundu  pressure.] 

37.  Total. 122,160 

38.  Per  hour 17,460 

39.  Per  pound  coal  consumed  in  producer 58. 2 

40.  Per  pound  dry  coal  consume<l  in  producer 63. 6 

41.  Per  pound  combustible  consumed  in  producer 71. 3 

42.  Per  pound  equivalent  coal  used  by  producer  plant 51. 6 

43.  Per  pound  equivalent  dry  coal  used  by  producer  plant 55. 9 

44.  Per  pound  equivalent  combustible'  used  by  producer  plant 62. 6 

BRITISH  THERMAL  UNITS  FROM  STANDARD  OAS. 

45.  Per  cubic  foot 159.3 

46.  Per  pound  dry  coal  burned  in  producer 10, 140 

47.  Per  hour  per  brake  horsepower 11, 750 

^  AVERAGE  HORSEPOWER  DEVEU)PRD. 

48.  Electrical  horsepower  available  for  outside  purposes 191.4 

49.  Electrical  horsepower  developed  at  switch  board 201 

50.  Brake  horsepower  available  for  outside  purposes 225 

51.  Brake  horsepower  developed  at  engine 236. 5 

EFFICIENCIES. 

52.  Of  conversion  and  cleaning  gas .  783 

53.  Of  producer  plant .684 
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COAL  PKR  HORSEPOWER  PER  HOUR. 


54.  Pounds  consumed  in  producer  per  electrical  horsepower  | 
available  for  outside  purposes 

65.  Pounds  consumed  in  producer  per  electrical  horsepower 
"iDoard 


developed  at  switch  1 


66.  Pounds  consumed   in  producer  per  brake  horsepower « 
available  for  outside  purposes 


67.  Pounds  consumed  in  producer  per  brake  horsepower « 
developed  at  engine 


68.  Eauivalent  pounds  used  by  producer  plant  per  electrical 
horsepower  available  for  outride  purposes 


69.  Equivalent  pounds  used  by  producer  plant  per  electrical 
horsepower  developed  at  switch  board 


60.  Equivalent  pounds  used  by  producer  plant  per  brake 
n< 


[lorsepower  «  available  for  outside  purposes 


61.  Equivalent  pounds  used  by  producer  plant  per  brake 
horsepower  «  developed  at  engine 


fired. 

Dry  coal. 

1.57 

1.43 

1.49 

1.36 

1.33 

1.22 

1.27 

1.16 

1.77 

1.63 

1.68 

1.55 

1.50 

1.39 

1.43 

1.32 

a  Based  on  an  awumed  efficiency  of  85  per  cent  for  generator  and  belt. 

AVERAGE  (X)M POSITION  OP  COAL  AND  GAS. 

62.  Coal:  Percent.  '  63.  Gas  by  volume: 

Moisture 8.  72 

Volatile  matter 39. 60 

Fixed  carbon 41. 95 


Combustible. 

1.28 
1.22 
1.09 

i.as 

1.46 
1.39 
1.24 
1.18 


Per  cent. 


Ash. 


9.73 


I 


100.00 
Sulphur 4.28 


Carbon  dioxide  (CO^) 11. 80 

Oxygenic) 07 

Carbon  monoxide  (CO) 11. 46 

Hydrogen  (H,) 10.60 

Methane  (CHJ 6.10 

Nitrogen  (N,) 59.97 

100.00 
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OAS  ENOINE. 

Folio winjar  are  records  of, the  tests  on  gas  engine: 

Report  of  gas-engine  test  No.  ISA. 

Recorded  by  K.  Toensfeldt  and  W.  C.  Weidmann,  November  28,  29,  1904. 
Producer  test  No.  13  A. 

Coal:   General   number,   Indiana  No.   2;    special    number    G.  P.  13A.     Car   initials  and  number, 
Southern  68062. 

Duration  of  test,  in  hours 21 

Revolutions  per  minute  (mean) 202 

Explosions  per  minute  (mean ) 101 

Cubic  feet  gas  per  hour,  by  meter 16, 400 

Cubic  feet  standard  gas  per  hour  (i.  e.,  62°  F.,  14.7  pounds  pressure) 15, 860 

Maximum  pressure: 

Firdt  cylinder 212.91 

Second  cylinder 200.72 

Third  cylinder 211.63 

Pressure  at  release: 

First  cylinder 28.18 

Second  cylinder 29. 46 

Thinl  cylinder 25.81 

Mean  effective  pressure: 

First  cylinder 61. 59 

Second  cylinder 52. 59 

Third  cylinder 49. 13 

Indicated  horsepower: 

First  cylinder 82.16 

Second  cylinder 83.  71 

Third  cylinder 76. 86 

Total  indicated  horsepower 242.  73 

Horsepower  delivered  (electrical  horsepower) 166. 5 

Mechanical  efficiency  (engine  and  generator  combined ) per  cent. .  68. 6 

Cubic  feet  standard  gas  per  hour  per  indicated  horsepower 65.  3 

Cubic  feet  standard  gas  per  hour  per  electrical  horsepower 95. 1 
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Report  of  gas-engine  test  No.  ISB, 

Recorded  by  K.  Toenefeldt  and  W.  C.  Weidmann,  November  28,  29,  1904. 
Producer  test  No.  13B. 

Coal:  General  number,  Indiana  No.  2;  special  number,  G.  P.  13B.      Car  initials  and  number,  Southern 
63062. 

Duration  of  test,  in  hours 7 

Revolutions  per  minute  ( mean) 201. 8 

Explosions  per  minute  (mean) 100. 9 

Cubic  feet  gas  per  hour,  by  meter 18, 200 

Cubic  feet  standard  gas  per  hour  (i.e.,  62°  F.,  14.7  pounds  pressure) 17, 440 

Maximum  pressure: 

First  cylinder 277.50 

Second  cylinder  251 

Third  cylinder .* 223.75 

Pressure  at  release: 

First  cylinder 30 

Second  cylinder 28. 5 

Third  cylinder 27.5 

Mean  effective  pressure: 

First  cylinder 59 

Second  cylinder 57. 5 

Third  cylinder 53.25 

Indicated  horsepower: 

First  cylinder 94.05 

Second  cylinder 91. 65 

Thirti  cylinder 85.65 

Total  indicated  horsepower 271. 35 

Horsepower  delivered  (electrical  horsepower)  201 

Mechanical  efficiency  (engine  and  generator  combined ) per  cent . .  74 

Cubic  feet  standard  gas  per  hour  per  indicated  horsepower 64. 3 

Cubic  feet  standard  gas  per  hour  per  electrical  horsepower 86. 8 


PRODUCER-GAS   TESTS. 
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After  one  or  two  attempts  to  carry  full  load  the  idea  was  abandoned,  at  least 
during  the  early  part  of  the  run.  The  failure  of  the  engine  to  carry  full  load  was 
due  to  the  late  ignition  setting.  A  load  of  500  amperes  was  finally  determined  upon 
and  the  report  marked  "Test  No.  13A"  covers  the  records  from  11.45  a.  m. 
November  28  to  8.45  a.  m.  November  29,  a  period  of  twenty -one  hours.  At  8.45 
a.  m.  November  29  the  load  was  raised  to  the  full  amount  (600  amperes)  and  carried 
with  ease  throughout  the  remainder  of  the  test.  Test  No.  13B  covers  this  portion 
of  the  run. 


Rlcrht  cylinder.    M.  E.  P.,  66;  Max.,  IM;  Rel.,  34;  I.  H.  P.,  MA 


Center  cylinder.    M.  E.  P.,  66;  Max..  IM:  Rel..  34;  I.  H.  P.,  SB.4. 


Left  cylinder,    k.  E.  P.,  Bl ;  Max.,  900;  ReL. » ;  I.  H.  P^  80.4. 


Indicator  diagraniB  taken  Novetnbf^r  28, 190>^,  during  gas-engine  test  No.  13A,  on  Indiana  No.  2  coal,    Beyolutionii  per 

minute.  200.5. 
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The  gas  produced  was  somewhat  diflScuIt  to  clean,  and  contained  a  high  per- 
centage of  sulphur.  During  the  early  part  of  the  test  the  gas  was  low  in  heat 
value,  but  improved  in  qualit}'^  after  the  fuel  bed  had  been  increased  in  depth. 
Good  results  may  therefore  be  obtained  from  this  coal  if  it  is  properly  tired  in  the 
producer.     Sixty  gallons  of  tar  were  extracted. 


Blffht  eyliiMler.    M.  E.  P..  6S;  Max.,  SW;  ReL,  SS;  L  H.  P.,  lOOiS. 


Center  cylinder.    M.  E.  P.,  60;  Bfaz..  CM;  ReL,  90;  I.  H.  P.,  16.15. 


Left  cylinder.    M.  E.  P.,  64;  Max..  MO;  Rel.,  S6;  I.  H.  P.,  tb.9. 

Revolutions  per 


Indicator  diagraniH  tnken  November  *29,  1904.  during  gas-engine  teat  No.  13B,  on  Indiana  N<».  2  coal 

minute.  202. 

Two  sets  of  indicator  cards  are  shown,  both  with  the  same  ignition  setting. 
The  first  set  was  taken  at  the  beginning  of  the  run  on  reduced  load.  Late  ignition 
and  slow  combustion  are  shown.  The  second  set  was  taken  near  the  end  of  the  run, 
when  the  engine  was  carrying  full  load,  and  although  the  ignition  setting  was  not 
touched,  the  ignition  appears  normal. 

INDIAN  TERRITORY  No.  i. 


GENERAL   RESULTS. 


The  general  results  of  tests  of  Indian  Territory'  No.  1  coal  are  shown  in  the 
following  tables: 


PRODUCER-GAS   TESTS. 
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OPERATIONS   OF   THE   COAL-TESTING   PLANT. 


Time. 


12.20  p.  m.  «  . 

1.20  p.  m 

2.20  p.  in 

4.20  p.  m. '>.. 
8.25  a.  m.*-... 

10.25  a.  m 

12.25  p.  m  ... 

2.25  p.  m 

8.10  a.  m.rf... 

9.10a.  m 

1.10  p.  m 

3.10  p.  m 

5.10  p.  m 

8.25  a.m.*'... 

10.10  a.  m 

12.10  p.  m  ... 
2.10  p.  m 


a  October  3. 


t>S.20  gns  Maniple  iniiiHed, 


GAS  J 

INALYSK 
0,. 

CO. 

CO,. 

H,. 

CH4. 

X. 

Total. 

6.6 

0.2 

22.8 

11.0 

3.2 

56.2 

100.0 

6.0 

.2 

23.7 

16.8  ' 

5.6 

47.7 

100.0 

8.8 

.0 

23.6 

2.1 

5.2 

60.3 

100.0 

9.6 

•2 

16.8 

11.4 

3.4 

58.6 

100.0 

7.4 

.0 

22.6 

11.0 

4.6 

54.4 

100.0 

8.4 

.  2 

17.4 

5.3 

3.5 

65.2 

100.0 

8.6 

.  2 

17.0 

5.7 

11.1 

57. 4 

100.0 

9.2 

.6 

15.4 

4.7 

5.3 

64.8 

100.0 

8.8 

.0 

20.8 

3.4 

3.8 

63.2 

100.0 

5.4 

.0 

23.6 

5.4 

5.6 

60.0 

100.0 

9.2 

.0 

17.4 

4.7 

4.9 

63.8 

100.0 

10.0 

.0 

17.0 

12.9 

3.9 

56.2 

100.0 

9.8 

.0 

15.8 

12.4 

4.2 

57.8 

100.0 

•     5.4 

.2 

23.2 

7.8  j 

3.9 

59.5 

100.0 

8.4 

.0 

17.3 

5.1 

5.5 

63.7 

100.0 

9.0 

.0 

18.2 

6.1   ' 

5.3 

61.4 

100.0 

9.6 

.0 

17.0 
»er4. 

4.9 

4.6 

63.9 
f  October 

100.0 

wed. 

c  Ootol 

rf  October  ft 

6. 

Producer-gcM  trat  No.  i,  Indian  Territory  No.  1  coal. 
[Recorded  by  M.  H.  Mount  and  R.  E.  Peahak,  October  3-6, 1904.] 
1.  Duration  of  teat,  in  hours 


31 


AVERAGE  TEMPERATURE.   °  F. 


2.  Gas  leaving  producer 

3-6.  (See  footnote  on  p.  1027.) 

OUTSIDE  POWER  CHARGED  AGAINHT  PRODUCER  PLANT. 

7.  Total  steatn  used  by  producer ixmnds. 

8.  Steam  used  by  producer  per  hour do. . . 

9.  Equivalent  in  pounds  of  coal  per  hour 

10.  Equivalent  in  pounils  of  dry  coal  i)er  hour 

11.  Equivalent  in  pounds  of  cK)inbu8tible  per  hour 

12.  Average  horsepower  required  to  drive  auxiliary  machinery 

13.  Total  water  used  in  scrubl^er  and  tar  extractor cubic  feet . 

14.  Cubic  feet  of  water  per  hour  per  horsepower  of  producer  plant 

15.  Cubic  feet  of  water  per  1,000  cubic  feet  of  gas  produced 


6,640 
214 
31.65 
30 

27.30 
8 
4,289 

.553 
7.42 
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OPERATIONS   OF   THE   COAL-TESTING   PLANT. 


COAL  CONSUMED  IN  PRODUCER. 

16.  Total  coal  consumed pounds. .  11, 200 

17.  Moisture  in  coal per  cent. .  5 

18.  Total  dry  coal  consumed pounds. .  10, 640 

19.  Refuse  from  dry  coal per  cent . .  8. 96 

20.  Total  refuse  from  coal pounds. .  955 

21.  Total  combustible  consumed do 9, 685 


COAL  PER  HOUR. 

22.  Coal  consumed  in  producer pounds. 

23.  Dry  coal  consumed  in  producer : do. . . 

24.  Combustible  consumed  in  producer <lo- . . 

25.  Equivalent  coal  used  by  producer  plant do. . . 

26.  Equivalent  dry  coal  used  by  producer  plant do. . . 

27.  Equivalent  combustible  used  by  producer  plant .  .do. . . 


361 

344 

312 

392.7 

374 

339.3 


28.  Coal  as  fired. 

29.  Dry  coal 

30.  Combustible. 


COAL  CX)N8UMED  PER  SQUARE  FOOT  OF  FUEL  BED  PER  HOUR. 


9.38 

8.94 

8.11 


BRITISH  THERMAL  UNITS  FROM  COAL. 

31.  Per  pound  of  coal  as  fired 12,  787 

32.  Per  pound  of  dry  coal : 13, 455 

33.  Per  pound  of  combustible 14, 800 

34.  From  coal  as  fired,  perbour 4,620,000 

35.  From  dry  coal,  per  hour 4, 620, 000 

36.  From  combustible,  \>eT  hour 4, 620, 000 


37. 
38. 
39. 
40. 
41. 
42. 


GAS  PRODUCED,  CUBIC  FEET. 

[Gas  at  G29  F.  and  14.7  pounds  pre^ssure.] 

Total 577,000 

18,613 

51.6 

54.1 

59.4 

47.4 

49.9 

54.6 


Per  hour 

Per  pound  coal  consumed  in  producer 

Per  pound  dry  coal  consumed  in  producer 

Per  pound  combustible  consumed  in  producer 

Per  pound  equivalent  coal  used  by  producer  plant 

43.  Per  pound  equivalent  dry  coal  used  by  producer  plant 

44.  Per  pound  equivalent  combustible  used  by  producer  plant 


BRITISH  THERMAL  UNITS  FROM  STANDARD  OAS. 


45.  Per  cubic  foot 

46.  Per  pound  dry  coal  burned  in  producer. 

47.  Per  hour  per  brake  horsepower 


159. 15 
8,620 
12,350 
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AVERAtiE  HORSEPOWER  DK^' ELOPED. 


48.  Electrical  horsepower  available  for  outside  purposet?. 

49.  Electrical  horsepower  develoi^ed  at  pwitch  board 

50.  Brake  horsepower  available  for  outside  purposes 

51.  Brake  horsepower  develoi)ed  at  engine 


196 
204 
230 
240 


EFFICIENCIES. 


52.  Of  conversion  and  cleaning  gas. 

53.  Of  producer  plant 


.64 
.586 


COAL  PER  HORSEPOWER  PER  HOUR. 


54.  Pounds  consumed  in  producer  per  electrical  horsepower 
available  for  outside  purposes 


Coal  a.s  flrod. 


1.84 


Pounds  consumed  in  produc^er  per  electrical  horsepower 
developed  at  switch  board 


56. 


58. 


59. 


60. 


61. 


Pounds  consumeii  in  producer  per  brake  horseix)wer« 
available  for  outside  purposes 

Pounds  consumed  in  producer  per  brake  horsepower" 
developed  at  engine 


Equivalent  pounds  used  by  producer  plant  per  electrical 
horsepower  available  for  outside  purposes 


Eauivalent  pounds  used  by  producer  plant  per  electrical 
horsepower  developed  at  switch  board 


Eauivalent  pounds  used  by  producer  plant  per  brake 
nc 


fiorsepower"  available  for  outside  purposes  , 


Eauivalent  pounds  used    by  producer   plant  per  brake 
horsepower^  develope<l  at  engine 


1.77 
1.57 
1.50 
2.00 
1.92 
1.71 
1.64 


Dry  t*ORl. 

1.76 
1.69 
1.50 
1.43 
1.91 
1.83 
1.62 
1.66 


Combustible. 

1.59 
1.53 
1.36 
1.  30 
1.73 
1. 66 
1.47 
1.41 


a  Based  on  an  as8umed  efficiency  of  85  per  cent  for  generator  and  belt. 


62.  CJoal:  Percent. 

Moisture 5. 00 

Volatile  matter 36. 51 

Fixed  carbon 49.98 

Ash 8.51 


100.00 
Sulphur 1.43 


AVERAOE  a>MP08ITI0N  OP  COAL  AND  OAR. 

63.  Gas  by  volume:  Percent. 

Carbon  dioxide  (CO,) 8. 25 

Oxygen  (O.) 11 

Carbon  monoxide  (CO) 19. 39 

Hydrogen  (HJ 7.69 

Methane  (CHJ 4.92 

Nitrogen  (N,) 59.64 


100.00 


GAS   ENGINE. 

Test  No.  1  was  divided  into  sections,  as  follows: 

Honrs. 

Octobers,  12.20  p.  m.  to  5.20  p.  m 5 

October  4,  7.40  a.  m.  to  5.40  p.  m 10 

October  5,  9  a.  m.  to  6  p.  m 9 

October  6,  8  a.  m.  to  3  p.  m .'.  7 


31 
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OPERATIONS   OF   THE   COAL-TESTING  PLANT. 


Item  12,  the  average  horsepower  required  to  drive  auxiliary  maehineiy,  was  not 
determined  during  this  test.  The  value  used,  viz,  8  horsepower,  was  obtained  from 
later  tests  and  substituted  in  test  No.  1. 

This  is  a  moderately  free-burning  coal.  It  caked  fairly  well  in  the  producer  and 
made  a  good  top  crust,  which  was  easily  worked.  It  was  charged  into  the  producer 
after  being  crushed  and  screened  over  a  half-inch  screen.  This  was  done  while  it 
was  wet,  and  considerable  slack  was  carried  over  with  the  lumps.  It  may  be  consid- 
ered a  good  producer  coal. 


Rlffht  cylinder.    M.  E.  P..  M;  Max.,  aOA:  Rel..  90;  I.  H.  P..  106. 


Center  cylinder.    M.  E.  P.,  66;  Max.,  Sll;  Rel.,  81;  L  H.  P.,  ias.4. 


Left  ojllader.    M.  B.  P.,  Mj  Max..  SOO;  Rel.,  81;  L  H.  P.,  UK. 


Indicator  diagrams  taken  Octobers,  1904,  during-gas-engine  test  No.  l,on  Indian  Territory  No.  1  coal.    Scale  of  spring, 

120;  revolutions  per  minute,  202. 

Two  and  one-half  barrels  of  tar  were  extracted  during  the  thirty -one  hours  of 
this  run. 

The  indicator  cards  for  test  No.  1  were  taken  with  a  240-pound  spring,  which 
accounts  for  the  comparatively  small  card. 

It  will  be  noticed  that  the  ignition  setting  is  a  trifle  early. 


PRODUCEB-GAS  TESTS.  1111 

Report  of  gas-engine  test  No,  1. 

Recorded  by  R.  W.  Cuinmings  and  W.  C.  Weidmann,  October  3-6,  1904. 
Producer  test  No.  1. 

Coal:  General  number,  No.  6,  Indian  Territory  No.  1;  special  number,  G.  P.  1.     Car  initials  and 
number,  Frisco  6704. 

Duration  of  test,  in  hours 31 

Revolutions  per  minute  (mean) 200. 5 

Explosions  per  minute  (mean) 100 

Cubic  feet  gas  per  hour,  by  meter 18, 990 

Cubic  feet  standard  gas  per  hour  (i.  e.,  62**  F.,  14.7  pounds  pressure) 18,225 

Maximum  pressure: 

First  cylinder 280.5 

Second  cylinder 303.2 

Third  cylinder 283.4 

Pressure  at  release: 

First  cylinder 33.4 

Second  cylinder 32. 5 

Third  cylinder 30.3 

Mean  effective  pressure: 

First  cylinder 64.9 

Second  cylinder 65.  7 

Third  cylinder 63.3 

Indicated  horsepower: 

First  cylinder 103.5 

Second  cylinder 103.92 

Third  cylinder 99.01 

Total  indicated  horsepower 306. 4 

Horsepower  delivered  (electrical  horsepower) 204 

Mechanical  efficiency  (engine  and  generator  combined ) per  cent. .  66. 6 

Cubic  feet  standard  gas  per  hour  per  indicated  horsepower 59. 5 

Cubic  feet  standard  gas  per  hour  per  electrical  horsepower 91. 4 

INDIAN    TERRITORY   No.  4. 
GENERAL  RESULTS. 

The  general  results  of  tests  of  Indian  Territory  No.  4  coal  are  shown  in  tlie 
following  tables: 
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GAS  ANALYSES. 


Time. 


10.30  a.  lli.« 

12.30  p.  m 

2.30  p.  m 

4.30  p.  m 

6.30  p.  m 

8.30  p.  m 

10.30  p.  m 

12.30  a.  m 

2.30  a.  m 

4.30  a.  m 

6.30  a.  m 

8.30  a.  m 

10.30  a.  m 

12.30  p.  m 

2.30  p.  m 


CO*. 

5.8 
6.2 
5.2 
5.2 
6.8 
7.4 
7.8 
8.0 

10.4 
8.0 
9.4 

11.2 
9.8 

10.8 
9.2 


O,. 


fl  January  23. 


0.2 
.0 
.0 
.6 
.2 
.2 
.0 
.2 
.2 
.2 
.8 
.0 
.2 
.2 
.6 


CO. 

13.4 
11.2 
20.4 
21.2 
21.2 
20.6 
20.2 
18.2 
12.2 
18.0 
17.4 
10.6 
15.2 
13.8 
18.4 


8.1 

9.0 

11.1 

12.4 

11.5 

13.5 

12.9 

11.2 

4.3 

12.6 

8.1 

5.9 

9.3 

7.4 

11.6 


CH4. 


Total. 


7.1 
6.6 
6.5 
6.9 
5.7 
6.3 
5.2 
5.3 
7.4 
5.9 
6.4 
3.8 
4.7 
3.0 
3.9 


65.4 
67.0 
56.8 
53.7 
54.6 
52.0 
53.9 
57.1 
65.5 
55.3 
57.9 
68.5 
60.8 
64.8 
56.3 


fi  January  24. 


Producer-ga9  ttst  No.  20^  Indian  I'erritory  No.  4  coal. 
[Recorded  by  W.  C.  Weidmann  and  Kurt  Toenafeldt.  January  23.  24, 1906.] 
1.  Duration  of  test,  in  hours 


100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 


AVERAGE  TEMPERATURE,  °F. 

2.  Gas  leaving  producer 

a-6.  (See  footnote  on  p.  1027. ) 

OUTSIDE  POWER  CHARGED  AGAINST  PRODUCER  PLANT. 

7.  Total  steam  used  by  producer pounds. 

8.  Steam  used  by  producer  per  hour do. . . 

9.  Equivalent  in  pounds  of  coal  per  hour 

10.  Equivalent  in  pounds  of  dry  coal  per  hour 

11.  Equivalent  in  pounds  of  combustible  per  hour 

12.  Average  horsepower  required  to  drive  auxiliary  machinery 

13.  Total  water  used  in  scrubber  and  tar  extractor cubic  feet. 

14.  Cubic  feet  of  water  per  hour  per  horsepower  of  pi-oducer  plant 

15.  Cubic  feet  of  water  per  1,000  cubic  feet  of  gas  produced 


B.  T.  r. 

150.6 
140.7 
179.0 
190.7 
164.7 
185.9 
170.8 
158. 9 
136.4 
169. 5 
157.1 
98.0 
135.5 
103.8 
146.1 


22.67 


686 


4,645 
205 
34.5 
31.4 
25.8 
11.5 
3,646 

.644 
10.3 
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COAL  CON-BUMBD  IN  PBODrCEB. 

16.  Total  coal  consumed pounds. 

17.  Moisture  in  coal per  cent. 

18.  Total  dry  coal  consumed pounds. 

19.  Refuse  from  dry  coal ' i>eT  cent. 

20.  Total  refuse  from  coal pounds. 

21.  Total  combustible  consumed do. . . 

COAL  FEB  HOUK. 

22.  Coal  consumed  in  producer pounds. 

23.  Dry  coal  consumed  in  producer do. . . 

24.  Combustible  consumed  in  producer do. . . 

25.  Equivalent  coal  used  by  producer  plant do. . . 

26.  Equivalent  dry  coal  used  by  producer  plant do. . . 

27.  Equivalent  combustible  used  by  producer  plant do. . . 


6,300 

9 

5,740 

17.98 
1,033 
4,707 

278 

253.2 

207.8 

312.5 

284.6 

233.6 


28.  Coal  as  fired 

29.  Dry  coal 

30.  Combustible, 


COAL  CONSUMED  PER  BVlUARE  FOOT  OF  FUEL  BED  FEB  HOUR. 


7.23 
6.59 
5.40 


BRITISH  THEBMAL  UNITS  FBOM  COAL. 

31.  Per  pound  of  coal  as  fired 10,364 

32.  Per  pound  of  dry  coal 11, 392 

33.  Per  pound  of  combustible IS,  890 

34.  From  coal  as  fired,  per  hour -.2, 885, 000 

35.  From  dry  coal,  per  hour 2, 885, 000 

36.  From  combustible,  per  hour 2, 885, 000 


GAS  PBODUCED,  CUBIC  FEET. 


[Gas  at  62°  F.  and  14.7  pounds  pressure.] 
37.  Total 355,  S 


38.  Per  hour , 

39.  Per  pound  coal  consumed  in  producer 

40.  Per  pound  dry  coal  consumed  in  producer 

41.  Per  pound  combustible  consumed  in  producer 

42.  Per  pound  equivalent  coal  used  by  producer  plant 

43.  Per  pound  equivalent  dry  coal  used  by  producer  plant 

44.  Per  pound  equivalent  combustible  used  by  producer  plant . 


15,680 
56.4 
61.9 
75.5 
50.2 
55.1 
67.1 


BRITISH  THERMAL  UNITS  FROM  STANDARD  OA8. 

45.  Per  cubic  foot ^ .^ 

46.  Per  pound  dry  coal  burned  in  producer 

47.  Per  hour  per  brake  horsepower 


161.1 
9,980 
10,  750 


PBODUCEB-OAS  TESTS. 


1119 


I 


I 


I 


Oi 

r 

I 

s 
p 


so    lOo   ISO 

»     a     9 

5        »        T 

MO  .400  4*0  S00S80  COO  sso               ito   I40    teo  lao  aoe 

COM.-  4000LA*. 
1         X        • 

so   eo     TO 

VouT» 

<40  ««9  250 

I70   lao  ISO  aoo£io  azo  sse         im  soo  tos    1       t       S      9 

-K 

>  -^ 

f   ff< 

?    4^ 

rw^ 

cscsc 

^r^ 

^                         JOO     BBC 

IVP  ^f 

19  II 

rQ  IV 

eo                        n 

\ 

w 

1 

A 

^> 

*,' 

i 

J 

)  > 

t 

\\ 

-A 

_     / 

/ 

; 

\ 

\ 

^ 

I 

/  i 

s 

ic^ 

f 

\' 

V 

>• 

> 

<? 

?"; 

>**- 

- 

» 

\ 

f 

^'• 

y 

\ 

j 

>^ 

_ 

\ 

Is 

,.<• 

^\ 

y 

r 

s 

5 

<  ■ 

< 

r 

« 

< 

) 

M 

i 

l" 

<' 

"7 

\ 

< 

i 

) 

/ 

ci 

t 

^ 

\ 

^ 

/ 

^ 

J5 

j 

Ji 

V 

\ 

\ 

\ 

( 

' 

^ 

<^ 

S 

^ 

\ 

^ 

r 

\ 

rf- 

^. 

> 

^, 

1 

^> 

\ 

^«« 

\ 

y 

\ 

\i 

< 

/ 

1 

s 

\ 

> 

'? 

? 

^>    • 

/ 

/^^ 

7 

^ 

s 

J 

S>' J 

I 

-< 

s 

? 

p 

5|^ 

i 

V 

^■> 

V 

/ 

< 

\ 

1 

\ 

SlI 

) 

^ 

> 

( 

^ 

J 

/ 

^7 

N 

> 

^\ 

\ 

> 

/ 

^ 

\ 

1 

'' 

"T 

1 

1 

\ 

^ 

; 

.   J 

s* 

'.,< 

V 

1 

\ 

—\ 

) 

/ 

< 

? 

)^ 

\ 

i.\ 

c 

t 

\ 

( 

\ 

1 

? 

,. 

l\ 

'  / 

\ 

^ 

< 

^ 

7ii 

r 

'» 

w 

' 

^^1 

< 

^ 

/ 

r 

/ 

t. 

\ 

V 

<7^ 

< 

?-^ 

,_i 

L 

^ 

^ 

^ 

:^ 

f. 

I 

0 

^ 

==^^ 

"ag 

:^ 



/ 

tf= 

V- 

^ 

^ 

« 

^ 

o 

/ 

< 

r 

<j 

^ 

V 

<i 

V 

^"s 

\ 

s 

••- 

1 

I 

L 

\ 

/^J 

■7 

- 

■ 

\  1 

~C 

-5 

— -, 

> 

/ 

<r 

c 

1 

K 

■  - 

yV 

.-r* 

r 

.r" 

N 

^ 

s^T 

\ 

« 

^^ 

-J 

4 

" 

^ 

; 

_/ 

S 

^'k 

M 

I. 

\ 

J^ 

^ 

I 

If 

> 

III  % 

'       1 

S 

r 

s 

■" 

_ 

0 

• 

^ 

s 

1 

0 

0 

'  .' 

0 

• 

I 

1120 


OPERATIONS   OF   THE   COAL-TESTING   PLANT. 


AVERAGE  HORSEPOWER  DEVELOPED. 


48.  Electrical  horsepower  available  for  outside  purposes. 

49.  Electrical  horsepower  developed  at  switch  board 

50.  Brake  horsepower  available  for  outside  purposes 

51.  Brake  horsepower  developed  at  engine 


COAL  PER  HORSEPOWER  PER  HOUR. 


54.  Pounds  consumed  in  producer  per  electrical  horsepower 

available  for  outside  purposes 

55.  Pounds  consumed  in  producer  per  electrical  horsepower 

developed  at  switchboard 

56.  Pounds  consumed  in  producer  per  brake  horsepower « 

available  for  outside  purposes 


Pounds  consumed  in  producer  per  brake  horsepower « 
developed  at  engine 


58. 


Equivalent  pounds  used  by  producer  plant  per  electrical 
h< 


horsepower  available  for  outside  purposes. 


59.  Equivalent  pounds  used  by  producer  plant  per  electrical 

iwitchboara , 


horsepower  developed  at  switch  boar 


60.  Equivalent  pounds  used  by  producer   plant   per   brake 
horsepower  «  available  for  outside  purposes , 


61. 


Equivalent  pounds  used  by  producer  plant  per   brake 
horsepower  «  developed  at  engine 


188 
199.5 
221.2 
ZU.  8 


Coal  aH  fired. 

Dry  coal. 

Combustible. 

1.48 

1.35 

1.10 

L39 

1.27- 

1.04 

1.26 

1.15 

.94 

1.18 

1.08 

.89 

1.66 

1.51 

1.24 

1.57 

1.43 

1.17 

1.41 

1.29 

1.06 

1.33 

1.21 

1.00 

a  Based  on  an  a-ssumed  efficiency  of  85  per  cent  for  generator  and  belt. 

AVERAGE  COMPOSITION  OF  CX)AL  AND  GAS. 


62.  Coal:  Percent. 

Moisture 9.TX) 

Volatile  matter 33. 96 

Fixed  carbon 40. 68 

Ash 16. 36 


Sulphur . 


100.00 
4.12 


63.  Gas  by  volume:  Percent. 

Carbon  dioxide  (CO,) 7. 29 

Oxygen(0,) 24 

Carbon  monoxide  (CO) 17. 64 

Hydrogen  (H,) 10.43 

Methane  (CH,) 6.30 

N  i t rogen  ( N, ) 58. 1 0 

100.00 


PRODUCER-GAS   TESTS.  1121 

Although  rather  high  in  sulphur,  this  coal  burned  very  well  in  the  producer 
during  the  early  part  of  the  test,  but  the  character  of  the  fuel  seemed  to  change 
suddenly  to  a  lower  grade,  from  which  no  good  results  could  be  obtained.  After 
8.20  a.  m.  January  24,  it  was  found  to  be  out  of  the  question  to  carry  full  load 
with  any  degree  of  regularity.  The  report  includes  only  that  part  of  the  test 
between  9.40  a.  m.  January  '23  and  8.20  a.  m.  January  24.  No  trouble  was 
experienced  from  clinkers. 


Rl«ht  c7Under.    M.  E.  P.,  61;  Max.  290;  Rel.,  29;  I.  H.  P..  96.6. 


Center  cylinder.    M.  E.  P..  61;  Max.,  980;  Rel.,  96;  T.  H.  P.,  06.6.  Left  ryllrtder.    X.  E.  P.,  4S;  Max.,  240:  Ret.,  94;  I.  H.  P.,  76.8. 

Indicator  diagramii  taken  January  23,  1905,  during  gas-engine  test  No.  20,  on  Indian  Territory  No.  4  eofd.     Scale  of 

spring,  80;  revolutions  per  minute,  203. 

Fifty  gallons  of  black  tar  were  taken  from  this  coal.  Although  this  tar  did  not 
look  so  good  as  some  of  that  from  other  coals,  yet  without  analysis  it  is  difficult  to 
determine  its  exact  value. 


1122  OPERATIO^*S   OF   THE   COAL-TESTING   PLANT. 

GAS  ENGINE. 

Following  are  results  of  tests  made  on  the  gas  engine: 

Report  of  gas-engine  test  Xo.  SO. 

Recorded  by  K.  Toensfeldt  and  W.  C.  Weidmann,  January  23,  24,  1905. 
Producer  test  No.  20. 

Coal:  General  number,  Indian  Territory  No.  4;  special  number,  G.  P.  20.    Car  initials  and  number, 
M.,  K.  and  T.  24423. 

Duration  of  test,  in  hours 23 

Revolutions  per  minute  (mean) 203 

Explosions  per  minute  (mean)  101. 5 

Cubic  feet  gas  per  hour,  by  meter 15, 480 

Cubic  feet  standard  gas  per  hour  (i.  e.,  62°  F.,  14.7  pounds  pressure) 15,660 

Maximum  pressure: 

First  cylinder 285. 5 

Second  cylinder 270 

Third  cylinder 259 

Pressure  at  release: 

First  cylinder 26. 9 

Second  cylinder 25. 3 

Third  cylinder 25. 5 

Mean  effective  pressure: 

First  cylinder 60.8 

Second  cylinder 58. 9 

Third  cylinder 51.6 

Indicated  horsepower: 

First  cylinder 97.16 

Second  cylinder 94. 16 

Third  cylinder 82. 56 

Total  indicated  horsepower 273. 88 

Horsepower  delivered  (electrical  horsepower) 199. 5 

Mechanical  eflSciency  (engine  and  generator  combined ) per  cent . .  72. 8 

Cubic  feet  standard  gas  per  hour  per  indicated  horsepower 57. 2 

Cubic  feet  standard  gas  per  hour  per  electrical  horsepower 78. 5 

IOWA  No.  2. 
GENEBAL  RESULTj^. 

Tbe  general  results  of  tests  of  Iowa  No.  2  coal  are  shown  in  the  following 
tables: 
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GA 
0.. 

S  ANALYSES. 
CO.             Hs. 

12.  6            7.  8 
11.2          22.1 

CH4. 

5.6 
8.2 

N.        [ 

Total. 

Time. 

COj. 
9.4 

B.  T.  r. 

10.30  a.  m.« 

0.0 
.2 

64.6 
47.7 

100.0  , 
100.0 

127.8 

12.30  p.  m 

10.6 

199.3 

2.30  p.  m 

10.4 

.2 

12.0 

6.8 

6.8 

63.8 

100.0 

138.0 

4.30  p.  m 

9.8 

.2 

12.6 

12.0 

7.4 

58.0  ' 

100.0 

164.5 

6.30  p.  m 

10.2 

.2 
.2 
.2 
.0 

13.0 
13.6 
13.0 
11.2 

6.7 
5.8 
5.5 
6.5 

9.2 
9.2 
7.3 
6.8 

60.7 
61.6  ' 
63.6 
64.5 

100.0 
100.0  ! 
100.0  j 
100.0 

166.7 

8.30  p.  m 

9.6 

165.6 

10.30  p.  m 

,       10.4 

142.3 

12.30  a.  m.& 

1 
11.0 

134.1 

2.30  a.  m 

11.8 

.0 
.0 

8.4 
6.2 

4.9 
3.9 

8.9 
7.8 

66.0  1 

69.1  , 

100.0 
100.0 

141.2 

4.30  a.  m 

13.0 

118.3 

6.30  a.  m 

12.0 

.0 

9.8 

5.6 

8.8 

63.8 ; 

100.0 

147.2 

8.30  a.  m 

''■' 

.4 

9.8 

3.8 

.0 

72.6 

100.0  1 

1 

117.6 

a  January  30 

b  January  31. 

Producer-gcu  test  No.  2S^  Iowa  No.  g  coal. 
[Recorded  by  W.  C.  Weidmann  and  Kurt  Toensfeldt,  January  SO,  31. 1906.] 
1.  Duration  of  test,  in  hoars 

AVERAOK  TEMPERATURE,  ^  V. 


13.33 


2.  Gas  leaving  producer 

3-6.  (See  footnote  on  p.  1027.) 

OUTSIDE  POWER  CHARGED  AOAINflT  PRODUCER  PLANT. 

7.  Total  steam  used  by  producer pounds. 

8.  Steam  used  by  producer  per  hour do. . . 

9.  Equivalent  in  pounds  of  coal  per  hour 

10.  Equivalent  in  pounds  of  dry  coal  per  hour 

11.  Equivalent  in  pounds  of  combustible  per  hour 

12.  Average  horsepower  required  to  drive  auxiliary  machinery 

13.  Total  water  used  in  scrubber  and  tar  extractor cubic  feet. 

14.  Cubic  feet  of  water  per  hour  per  horsepower  of  producer  plant 

15.  Cubic  feet  of  water  per  1,000  cubic  feet  of  gas  produced 


COAL  CONSUMED  IN  PRODUCER. 

16.  Total  coal  consumed pounds. . 

17.  Moisture  in  coal per  cent. . 

18.  Total  dry  coal  consumed pounds. . 

19.  Refuse  from  dry  coal per  cent. . 

20.  Total  refuse  from  coal pounds. . 

21.  Total  combustible  consumed do 


3,065 
230 
45.9 
38.2 
28.7 
10.9- 
2,133 

.64 
9.12 


4,833 

16.69 
4,030 

24.86' 
1,000 
3,030 


1128  OPERATIONS   OF   THE   COAL-TESTING  PLANT, 

COAL  PER  HOUR. 

22.  Coal  consumed  in  producer pounds. .  362.  5 

23.  Dry  coal  consumed  in  producer do 302. 5 

24.  Ck)mbu8tible  consumed  in  producer do 227. 5 

26.  Equivalent  coal  used  by  producer  plant do 408. 4 

26.  Equivalent  dry  coal  used  by  producer  plant do 340.  7 

27.  Equivalent  combustible  used  by  producer  plant do. . ..  256. 2 

COAL  CONSUMED  PER  SQUARE  FOOT  OF  FUEL  BED  PER  HOUR. 

28.  Coal  as  fired 9.4:; 

29.  Dry  coal 7.87 

30.  CombustibW 5.92 

BRITISH  THERMAL  UNITS  FROM  COAL. 

31 .  Per  pound  of  coal  as  fired 8, 735 

32.  Per  pound  of  dry  coal 10,489 

33.  Per  pound  of  combustible 13, 960 

34.  From  coal  as  fired,  per  hour 3, 176, 000 

35.  From  dry  coal,  per  hour 3,176,000 

36.  From  combustible,  per  hour 3, 1 75, 000 

GAS  PRODUCED,  CUBIC  FEET. 

[Gas  at  62°  F.  and  14.7  pounds  pressure.] 

37.  Total 234,110 

38.  Per  hour 17,570 

39.  Per  pound  coal  consumed  in  producer 48. 5 

40.  Per  pound  dry  coal  consumed  in  producer 58. 1 

41.  Per  pound  combustible  consumed  in  producer 77. 2 

42.  Per  pound  equivalent  coal  used  by  producer  plant 43 

43.  Per  pound  equivalent  dry  coal  used  by  producer  plant 51. 6 

44.  Per  pound  equivalent  combustible  used  by  producer  plant 68. 5 

BRITISH  THERMAL  UNITS  FROM  STANDARD  GAS. 

45.  Per  cubic  foot 160. 2 

46.  Per  pound  dry  coal  burne<i  in  producer 9, 300 

47.  Per  hour  per  brake  horsepower 12, 130 

AVERAGE  HORSEPOWER  DEVELOPED. 

48.  Electrical  horsepower  available  for  outside  purposes •. 186. 6 

49.  Electrical  horsepower  developed  at  switch  l>oard 197. 5 

50.  Brake  horsepower  available  for  outside  purposes ^ .  219.  5 

51.  Brake  horsepower  developed  at  engine 232. 3 
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OPERATIONS   OF   THE   COAL-TESTING   PLANT. 


rOAL  PKR  HOMEPOWXR  PER  HOUR. 


54.  Pounds  cohHuine<i  in  producer  per  electrical  horsepower 
available  for  outside  purposes 


56.  Pounds  consumed  in  producer  per  electrical  horsepower 
developed  at  switch  board 


66.  Pounds   consumed  in  producer  per  brake  horsepower « 

available  for  outside  purposes 

67.  Pounds  consumed  in  producer  per  brake  horsepower « 

developed  at  engine 


68.  Eauivalent  pounds  used  by  producer  plant  per  electrical 
n< 


horsepower  available  for  outside  purposes 

Iuivalent  pounds  used  by  producer  plai 
lorsepower  developed  at  switch  board . 

Iuivalent  pounds  used  by  producer  pi 
lorsepower «  available  for  outside  purposes. 


59.  Eauivalent  pounds  used  by  producer  plant  per  electrical 
nors 


60.  Eauivalent  pounds  used  by  producer  plant  per  brake 
n< 


61.  Eauivalent   pounds  used  by  producer  plant  per  brake 
horsepower  «  develope<l  at  engine 


Coal  AS  tiretl. 

Dry  c<Mil. 

(■ombiutible. 

1.94 

1.62 

1.22 

1.84 

1.53 

1.16 

1.65 

1.38 

1.04 

1.66 

i.:iO 

.98 

2.19 

1.83 

1.37 

2.07 

1.73 

1.30 

1.86 

1.55 

1.17 

1.76 

1.47 

1.10 

a  Based  on  an  ai»umed  efiicicncy  of  85  per  cent  for  generator  and  belt. 


AVBRAOE  COMPOSITION  OF  COAL  AND  OA8. 


62.  Coal:  Percent. 

Moisture 16.69 

Volatile  matter 31.42 

Fixed  carbon 31.19 

Ash 20.70 

100.00 
Sulphur 6.50 


Gas  by  volume:  Percent. 

Carbon  dioxide  (CO,) 10.06 

Oxygen  (O,) 17 

Carbon  monoxide  (CO) 12.67 

Hydrogen  (H,)   9.63 

Methane  (CHJ 7.67 

Nitrogen  (N,) 60.00 

100.00 
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This  coal  was  very  high  in  sulphur  (5.50  per  cent),  but  did  not  clinker  in  the 
producer.  The  results  were,  however,  not  so  satisfactory  as  might  be  expected. 
There  is  no  doubt  that  better  records  can  be  made  from  this  coal  in  a  second 
test.  The  lack  of  uniformity  in  the  gas  made  it  difficult  to  adjust  the  engine  to 
meet  the  changes. 

Fifty  gallons  of  black  tar  were  extracted. 


Rlffht  cylinder.    M.  E.  P.,  58;  Max..  SM;  Rel.,  M;  I.  H.  P.,  93.2. 


Center  C7lind«n-.    M.  E.  P.,  M;  Max..  S70;  Rel.,  M;  I.  H.  Vi,  94.«.  Left  cylinder.    M.  B.  P.,  SO;  Max.,  SM;  Rel..  tA;  L  H.  P.,  ».aL 

Indicator  dlaisrams  taken  January  90,  1905,  during  ga»-enginc  test  No.  22,  on  Iowa  No.  2  coal.      Revolutions  per 

minute.  204.1. 

GAS   ENGINE. 

The  report  covers  the  records  taken  from  10.45  a.  m.  January  30  to  12.05 
a.  m.  January  31,  a  period  of  13.33  hours.  After  12.05  a.  m.  January  31  it  was 
impossible  to  cany  full  load  on  the  engine. 

The  result  of  tests  made  on  the  gas  engine  are  given  below. 


1182  OPERATIONS   OF   THE   COAL-TESTING  PLANT. 

Report  of  gas-engine  test  No  $2, 

Recorded  by  W.  C.  Weidmann  and  Kurt  Toensfeldt,  January  30  and  31,  1905. 

Producer  test  No.  22. 

Coal :  General  number,  Iowa  No.  2;  special  number,  G.  P.  22.    Car  initials  and  number,  43574,  Wabash. 

Duration  of  test,  in  hours 13J 

Revolutions  per  minute  (mean ) 202.  7 

Explosions  per  minute  (mean) 101. 35 

Cubic  feet  ^as  per  hour,  by  meter '. 17, 820 

Cubic  feet  standard  gas  per  hour  (i.  e.,  62°  F.,  14.7  pounds  pressure) 17, 560 

Maximum  pressure: 

First  cylinder 272 

Second  cylinder 282 

Third  cylinder 272 

Pressure  at  release: 

First  cylinder 24 

Second  cylinder 26 

Third  cylinder '.  24 

Mean  effective  pressure: 

First  cylinder 58 

Second  cylinder 59 

Third  cylinder 54 

Indicated  horsepower: 

First  cylinder : 93 

Second  cylinder 96 

Third  cylinder 87. 05 

Total  indicated  horsepower * . . .  275. 05 

Horsepower  delivered  (electrical  horsepower) 197. 5 

Mechanical  efficiency  (engine  and  generator  combined) per  cent. .  71. 8 

Cubic  feet  standard  gas  per  hour  per  indicated  horsepower 63. 9 

Cubic  feet  standard  gas  per  hour  per  electrical  horsepower 88. 9 

KANSAS    No.  5. 
GENERAL  RESULTS. 

Following  are   tables   showing  the   general  results  of   tests  of   Kansas  No.  5 
coal". 
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OPERATIONS   OF   THE   COAL-TESTING   PLANT. 


GAS  ANALYSES. 


Time. 


CO,. 


3.30  p.  m. « 9. 0  ! 

6.30  p.  in 10. 0 

7.30  p.  in 10. 0 

9.30  p.  m 10.4 

ll.SOp.m ;  10.2 

1.30a.m.ft ,  10.8 

3.30  a.  m 10.2 


N. 


Total. 


B.  T.  U. 


64.7 

100.0 

154.7 

56.6 

100.0 

169.4 

57.8 

100.0 

158.0 

83.7 

100.0 

143. 3 

58.8 

100.0 

156.1 

63.5 

100.0 

138.3 

64.0 

100.0 

157.1 

a  February  6.  b  February  7. 

Producer-gas  test  No,  £4j  Kanms  No.  5  coal. 
[Recorded  by  W.  C.  Weldmann  and  Kurt  Toensfeldt*  February  6  and  7, 1905.] 
1.  Duration  of  test,  in  hours 


13 


AVERAGE  TEMPERATURE   °  F. 

2.  Gas  leaving  producer 

;^-6.  (See  footnote  on  p.  1027.) 

OrTBIDE  POWER  CHARGED  AGAINRT  PRODUCER  PLANT. 

7.  Total  steam  used  by  producer pounds. 

8.  Steam  used  by  producer  per  hour do. . . 

9.  Equivalent  in  pounds  of  coal  per  hour 

10.  Equivalent  in  pounds  of  dry  coal  per  hour 

11.  Equivalent  in  pounds  of  combustible  per  hour 

12.  Average  horsepower  required  to  drive  auxiliary  machinery 


COAL  CONSUMED  IN  PRODUCER. 

16.  Total  coal  consumed ....pounds. 

17.  Moisture  in  coal per  cent. 

18.  Total  dry  coal  consumed , pounds. 

19.  Refuse  from  dry  coal per  cent. 

20.  Total  refuse  from  coal pounds. 

21.  Total  combustible  consumed do. . . 

COAL  PER  HOUR. 

22.  Coal  consumed  in  producer pounds. 

23.  Dry  coal  consumed  in  producer do. . . 

24.  Combustible  consumed  in  producer do. . . 

25.  Equivalent  coal  used  by  producer  plant  ...   .   do. . . 

26.  Equivalent  dry  coal  used  by  producer  plant do. . . 

27.  Equivalent  combustible  used  by  producer  plant do. .  . 


840 


2,795 

215 

30.6 

29.3 

25.9 

8 


4,000 

4.35 
3,825 
11.75 
449.5 
3, 375. 3 


307.8 
294.3 
259.8 

am  4 

323.6 
285.7 
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1138  OPERATIONS    OF   THE    COAL-TESTING    PLANT. 

COAL  CONSUMED  PER  SQUA^RE  FOOT  OF  FUEL  BED  PER  HOUR. 

28.  Coal  &8  fired 8 

29.  Dry  coal 7. 65 

30.  Combustible 6.  77 

BRITISH  THERMAL  UNITS  FROM  COAL. 

31.  Per  pouml  <»t*  coal  as  fire<l 12, 836 

32.  Per  pound  of  dry  coal 13, 421 

33.  Per  pound  of  combustible 15, 200 

34.  From  coal  as  fired,  per  hour 3, 950, 000 

35.  From  dry  coal,  per  hour 3, 950, 000 

36.  From  combustible,  per  hour 3, 950, 000 

GAS  PRODUCED,  CUBIC  FEET. 

[Gas  at  609  T.  and  14.7  pounds  pressure.] 

37.  Total 240,310 

38.  Per  hour 18,490 

39.  Per  pound  coal  consumed  in  producer 60. 1 

40.  Per  pound  dry  coal  consumed  in  producer 62.  8 

41.  Per  pound  combustible  consumed  in  producer 71. 2 

42.  Per  pound  equivalent  coal  uaed  by  producer  plant 54. 6 

43.  Per  pound  equivalent  dry  coal  used  by  producer  plant 57. 2 

44.  Per  pound  equivalent  combustible  used  by  producer  plant 64. 8 

BRITISH  THERMAL  UNITS  FROM  STANDARD  OA8. 

45.  Per  cubic  foot 167.2 

46.  Per  \youin\  dry  coal  burned  in  producer 10, 500 

47.  Per  hour  jier  brake  horsepower .' 13, 130 

AVERAGE  HORSEPOWER  DEVELOPED. 

48.  Electrical  horsepower  available  for  outside  purposes 192. 2 

49.  Electrical  horsepower  developed  at  switch  board 200. 2 

50.  Brake  horsepower  available  for  outside  purposes* 226. 1 

51.  Brake  horsepower  developed  at  engine 235. 5 

EFFICIENCIES. 

52.  Of  conversion  and  cleaning  ga^ .  782 

53.  Of  pro<Uicer  ])lant .  709 


PBODUCEB-GAS   TESTS. 

COAL  PER  HOR8EPOWKR  PBR  HOUR. 
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54.  Pounds  consumed  in  producer  per  electrical  horsepower 
available  for  outside  purposes 


55.  Pounds  consumed  in  producer  per  electrical  horsepower 

developed  at  switch  board 

56.  Pounds  consumed  in   producer  per  brake  horsepower* 

available  for  outside  purposes 

57.  Pounds  consumed  in  producer  per  brake  horsepower* 

developed  at  engine 


58.  Eauivalent  pounds  used  by  producer  plant  per  electrical 
norsepTower  available  for  outside  purposes 


59.  Eauivalent  pounds  used  by  producer  plant  per  electrical 
horsepower  developed  at  switch  board 


Eauivalent  pounds  used  by  producer  plant  per  brake 
horsepower  «  available  for  outside  purposes : 


61.  Eauivalent  pounds    used  by  producer  plant  per  brake 
norsepower  «  developed  at  engine , 


Coal  as  fired. 

Dry  coal. 

Combufltlble. 

1.60 

1.53 

1.35 

1.54 

1.47 

1.30 

1.36 

1.30 

1.15 

1.31 

1.25 

1.10 

1.76 

1.68 

1.49 

1.69 

1.62 

1.43 

1.50 

1.43 

1.26 

1.44 

1.37 

1.21 

a  BaDed  on  an  assumed  efilciency  of  86  per  cent  for  generator  and  belt. 


AVERAGE  COMPOemON  OF  COAL  AND  OA3. 


62.  Coal: 


Percent.      63.  Gas  by  volume: 


Moisture 4. 35 

Volatile  matter 31.97 

Fixed  carbon 52.43 

Ash 11.25 


100.00 
Sulphur 3.00 

1403— No.  48,  pt  3-06 11 


Carbon  dioxide  (CO,) . . . 

Oxygen  (O,) 

Carbon  monoxide  (CO)  . 

Hydrogen  (H,) 

Methane  (CH4) 

Nitrogen  (N,) 


Per  cent. 
.  10. 27 
.13 
.  12.40 
.  9.05 
.  7.42 
.     60.73 


100.00 


1140 


OPERATIONS   OF   THE    COAL-TESTING    PLANT. 


This  coal  was  fed  into  the  producer  in  the  form  of  a  fine  slack,  and  consequently 
it  was  difficult  to  handle  with  the  automatic  feeding  device  in  use.  It  is,  however, 
a  fairly  good  producer  fuel. 


OAS   ENGINE. 


Some  trouble  was  experienced  in  getting  the  proper  ignition  setting  for  the 
engine,  but  after  this  was  secured  the  run  was  very  satisfactory  until  interrupted  by 
a  short  circuit  in  the  rheostat. 


Riffht  cylinder.    M.  K  P.,  68;  Max.,  SQO;  ReL,  M-  L  H.  P.,  ML 


OeatOT oylliHler.    M.  B.  P.,  60;  Max.,  900;  Rel.,  »;  L  H.  P.« ««.  I. 


Left  cylinder.    M.  B.  P.,  M;  Max.,  COO;  Rel.,  10;  L  H.  P..  TZJL 

Scale  of  spring,  80; 


Indicator  diagramB  taken  February  6.  1905,  durinir  gas-engine  test  No.  24,  on    Kansas  No.  5  coal 

revolutions  per  minute.  208.5. 

The  ignition  setting  was  a  trifle  early,  according  to  the  cards  shown. 
The  report  is  based  on  the  records  from  3.40  a.  m.  February  6  to  4.40  a.  ni. 
February  7,  a  period  of  thirteen  hours. 


PRODUCER-GAS   TESTS.  11 41 

Tests  made  on  the  gas  engine  are  reported  in  the  following  table: 

Report  of  gcu-^nffine  test  No.  ^4- 

Recorded  by  W.  C.  Weidmann  and  K.  Toensfeldt,  February  6  and  7,  1906. 
Producer  test  No.  24. 

Coal:  General  number,  Kansas  No.  5;  special  number,  (t.  P.  24.     Car  initials  and  number,  M.,  K.  and 
T.  24834. 

Duration  of  test,  in  hours 13 

Ilevolutions  per  minute  (mean) 203. 1 

Explosions  per  minute  (mean) 101. 55 

Cubic  feet  gas  per  hour,  by  meter 18, 500 

Cubic  feet  standard  gas  per  hour  (i.  e.,  62°  F.,  14.7  pounds  pressure) 18, 480 

Maximum  pressure: 

First  cylinder 280 

Second  cylinder 317 

Third  cylinder 3aS 

Pressure  at  release: 

First  cylinder 23 

Second  cylinder 26 

Third  cylinder 21 

Mean  effective  pressure: 

First  cylinder 53 

Second  cylinder 58 

Third  cylinder 48 

Indicate<l  horsepower: 

First  cylinder 85.3 

Second  cylinder 93. 33 

Third  cylinder 76.76 

Total  indicated  horsepower 255. 39 

Horsepower  delivered  (electrical  horsepower) 200. 2 

Mechanical  eflBciency  (engine  and  generator  combined) per  cent. .  78. 4 

Cubic  feet  standard  gas  per  hour  per  indicated  horsepower 72. 4 

Cubic  feet  standard  gas  per  hour  per  electrical  horsepower 92. 4 

KENTUCKY  No.  3. 
GENERAL   RESULTS. 

The  general  results  of  tests  of  Kentucky  No.  3  coal  are  tabulated  below. 
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OPEBATION8    OF   THE    GOAL-TESTING   PLANT. 

QA8  ANALYSES. 


Time. 


CO,. 


i      CO. 


8.30  a.  m.o 8.4 

10.30  a.  m 8.4 

12.30p.  m 10.40 

3p.  m 11.0 

4.;i0  p.  m ,  11.0 

6.30  p.  m 10.0 

8.30  p.  m 11. 6 

10.30  p.  m 11.0 

12.30  a,  m.ft 12.4 

2.30  a.  m 11.6 

4.30  a.  m _  11.6 

6.30  a.  m 11.6 

8.30a.  m I  11.4 

10.30  a.  m j  11.4 

12.30  p.  m 11.2 


0.2 
.0 
.0 
.4 
.2 
.8 
.8 
.2 
.4 
.4 
.2 
.4 
.0 
.2 
.2 


13.6 
12.6 

13.8 

11.8 ; 

12.8 
14.2  , 
11.8  I 
10.8  I 
12.6  ! 
13.4  j 
13.0  1 
12.4 
11.8  ' 
10.8  ' 
11.4  I 


H,. 

CH4. 

14.3 

4.9 

10.4 

7.3 

9.6 

7.1 

10.6 

7.4 

8.6 

8.0 

10.2 

7.1 

7.2 

6.6 

14.5 

5.0 

11.3 

4.8 

11.9 

6.0 

9.0 

6.0 

13.9 

4.8 

10.4 

7.4 

8.1 

9.3 

12.4 

6.1 

N. 

58.6 
61.3 
59.2 
58.8 
59,4 
57.7 
62.0 
58.5 
58.5 
56.7 
60.2 
56.9 
59.0 
60.2 
58.7 


Total. 


100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 


<i  November  26. 


b  November  26. 


Producer-gcu  test  No.  /^,«  Kentucky  No.  S  coal, 
[Recorded  by  W.  C.  Weidmann  and  R.  W.Cummings,  November  25,  26, 1904.] 
1.  Duration  of  test,  in  hours 


▲VBBAOB  TKMPERATURB,  °  P. 

2.  Gaa  leaving  producer 

3-6.    See  footnote  on  p.  1027. 

OUTHTDK  POWRX  CHARGED  AOAINBT  PRODUCBR  PLANT. 

7.  Total  steam  used  by  producer pounds. 

8.  Steam  used  by  producer  per  hour do. . . 

9.  Equivalent  in  pounds  of  coal  per  hour 

10.  Equivalent  in  pounds  of  dry  coal  per  hour 

11.  Equivalent  in  pounds  of  combustible  per  hour 

12.  Average  horsepower  required  to  <lrive  auxiliary  machinery 

13.  Total  water  used  in  scrubber  and  tar  extractor cubit*  feet. 

14.  Cubic  feet  of  water  per  hour  per  horsepower  of  producer  plant 

15.  Cubic  feet  of  water  per  1,000  cubic  feet  of  gas  produced 


B.T.U. 


149.4 
157.9 
156.8 
156.9 
160.0 
160.4 
136.6 
141.4 
134.4 
152.1 
142.7 
142.8 
156.2 
164.9 
147.9 


30 


7,740 
258 
40.8 
37.9 
34.2 
10.7 


4,  J 


.586 
7.73 


a  Gas-producer  hopper  leaked. 


PBODUGEB-OAS  TESTS. 
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OPERATIONS   OP    THE    COAL-TESTING   ^LANT. 


CX)AL  CON8UMBD  IN  PBODUCBR. 

16.  Total  coal  consumed pounds. 

17.  Moisture  in  coal per  cent . 

18.  Total  dry  coal  conPiimed pounds. 

19.  Refuse  from  coal per  cent. 

20.  Total  refuse  from  coal pounds. 

21.  Total  combustible  consumed do. . . 

COAL  PBR  HOUR. 

22.  Coal  consumed  in  producer pounds. 

23.  Dr>'  coal  consumed  in  producer do. . . 

24.  Combustible  consumed  in  producer do. . . 

25.  Equivalent  coal  used  by  producer  plant do. . . 

26.  Equivalent  dry  coal  used  by  producer  plant do. . . 

27.  Equivalent  combustible  used  by  producer  plant do... 


COAL  CONSUMED  PBR  SQUARE  FOOT  OP  FUEL  BBD  PER  HOUR. 


28.  Coal  as  fired  . 

29.  Dry  coal 

30.  Combustible  . 


11,100 

7.28 
10,300 

9.69 
1,000 
9,300 

370 

343.3 

310 

410.8 

381.2 

344.2 

9.61 
8.92 
8.06 


BRITISH  THERMAL  UNITS  PROM  COAL. 

31.  Per  pound  of  coal  as  fired 12,283 

32.  Per  pound  of  dry  coal 13,226 

33.  Per  pound  of  combustible 14, 650 

34.  From  coal  as  fired,  per  hour 4, 540, 000 

36.  From  dry  coal,  per  hour 4, 540, 000 

36.  From  combustible,  per  hour 4, 540, 000 

OA8  PRODUCED,  CUBIC  FEET. 

[Gas  at  62^  F.  and  14.7  pounds  pressure.] 

37.  Total 568,295 


38.  Per  hour 

39.  Per  i)ound  coal  consumed  in  producer 

40.  Per  pound  dry  coal  consumed  in  producer 

41 .  Per  pound  combustible  consumed  in  producer 

42.  Per  pound  equivalent  coal  used  by  producer  plant 

43.  Per  pound  equivalent  dry  coal  used  by  producer  plant 

44.  Per  pound  equivalent  combustible  used  by  producer  plant 


18,943 
51.2 
55.1 
61.1 
46.2 
49.7 
55 
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BBTTIBH  THERMAL  UNITS  PROM  STANDARD  GAB. 


46.  Per  cubic  foot 

46.  Per  pound  dry  coal  burned  in  producer. 

47.  Per  hour  per  brake  horsepower 


AVBRAQB  HORSEPOWER  DEVELOPED. 


48.  Electrical  horsepower  available  for  outside  purposes  . 

49.  Electrical  horsepower  developed  at  switch  board 

50.  Brake  horsepower  available  for  outside  purposes 

51 .  Brake  horsepower  developed  at  engine 


EPFiriENCIES. 


52.  Of  conversion  and  cleaning  \ 

53.  Of  producer  plant 


155.9 

8,610 

2,540 

189.8 

200.5 

223.5 

235.5 

.650 

.583 

COAL  PER  HORSEPOWER  PER  HOUR. 


Coal  as  fired. 

Dry  coal. 

Combustible. 

54.  Pounds  consumed  in  producer  per  electrical  horsepower 
available  for  outside  purposes 

1.95 

1.81 

1.63 

55.  Pounds  consumed  in  producer  per  electrical  horsepower 
developed  at  switch  Doard 

1.85 

1.71 

1.55 

56.  Pounds  consumed  in  producer  per  brake  horsepower « 
available  for  outside  purposes 

1.66 

1.54 

1.39 

57.  Pounds  consumed  in  producer  per  brake  horsepower « 
developed  at  engine 

1.57 

1.46 

1.32 

58.  Eouivalent  pounds  used  by  producer  plant  per  electrical 
lorsepower  available  for  outside  purposes.- 

2.16 

2.01 

1.81 

59.  Equivalent  pounds  used  by  producer  plant  per  electrical 
lorsepower  developed  at  switch  board 

2.05 

1.91 

1.72 

60.  Equivalent  pounds  used  by  producer  plant  per  brake 
lorsepower <*  available  for  outside  purposes  ............ 

1.84 

1.71 

1.54 

61.  Eouivalent  pounds  used  by  producer  plant  per  brake 
lorsepow^er**  developed  at  engine 

1.75 

1.62 

1.46 

a  Based  on  an  assumed  efficiency  of  85  per  cent  for  generator  and  belt. 


AVERAGE  COMPOSITION  OP  GOAL  AND  OAS. 


62.  Coal 


Per  cent. 

Moistu  re 7.28 

Volatile  matter 38. 57 

Fixed  carbon 45. 16 

Ash 8.99 


100.00 


Sulphur 3.86 


63.  Gas  by  volume:  Percent. 

Carbon  dioxide  (CO,) 10. 87 

Oxygen  (O,) 29 

Carbon  monoxide  (CO) 12, 45 

Hydrogen  (H,) 10.92 

Methane  (CHJ 6.52 

Nitrogen  (N,) 58.95 


100.00 
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OPEBATIONS   OF  THE    OOAL-TESTING   PLANT. 


Kentucky  No.  3  is  a  bard  bituminous  coal  and  burns  in  the  producer  with  a 
hard  top  crust.  It  yielded  a  good  gas  of  uniform  quality  and  100  gallons  of  clean 
black  tar.     It  is  well  adapted  for  producer  gas. 


Right  cyUmler.    IL  E.  P.,  eis  Max..  UO;  BeL,  SS;  L  H.  P.,  «7.1? 


Center  cylinder.    H.  E.  P..  W;  Max.,  SH;  Rel.,  90;  I.  H.  P.,  95.5. 


Left  cylinder.    H.  E.  P.,  M;  Max.,  280;  Rel.,  S9;  I.  H.  P.,  96A 


Indicator  diagrams  taken  November  25, 1904,  during  gas-engine  test  No.  12,  on  Kentucky  No.  S  coal.    ReTolutions  per 

minute,  202.2. 


GAS   ENGINE. 

The  report  of  the  engine  operator  is  as  follows: 

"The  gas  was  good  during  this  test  and  everything  was  satisfactory  with  the 
exception  of  some  trouble  with  the  engine  due  to  the  fact  that  the  ignition  was  set 
too  early.  The  engine  should  be  equipped  with  a  device  for  changing  the  time  of 
the  spark  while  the  engine  is  running.  The  gas  from  different  coals  requires  different 
ignition  settings.  The  gas  from  one  coal  often  changes  enough  during  the  test 
to  make  a  change  in  the  setting  necessary.  These  changes  in  the  gas  can  l>e  readily 
traced  by  the  indicator  cards  from  these  tests.  Until  the  engine  is  fitted  with  an 
ignition  device  that  will  permit  a  change  in  the  time  of  the  spark  while  the  engine  is 
running,  there  will  be  more  or  less  trouble  from  this  source." 

The  cards  selected  are  representative  of  the  entire  test.  They  show  late  ignition 
and  slow  combustion. 


PRODUCER-GAS   TESTS.  1155 

The  results  of  tests  made  on  gas  engine  are  shown  in  the  following  table: 

Report  of  gas-engine  test  No.  12. 

Recorded  by  R.  W.  Cummings  and  W.  C.  Weidmann,  November  25,  26,  1904. 
Producer  test  No.  12. 

Coal:  General  number,  Kentucky  No.  3;  special  number,  G.  P.  12.     Gar  initials  and  number,  L.  and  N. 
62714. 

Duration  of  teet,  in  hours 30 

Revolutions  per  minute  (mean) 202 

Explosions  per  minute  (mean) 101 

Cubic  feet  gas  per  hour,  by  meter 18, 947 

Cubic  feet  standard  gas  per  hour  (i.  e.,  62°  F.,  14.7  pounds  presBure) 18, 933 

Maximum  pressure : 

First  cylinder 277.07 

Second  cylinder 250.31 

Third  cylinder 250.61 

Pressure  at  release: 

First  cylinder 28.77 

Second  cylinder 31. 46 

Third  cylinder 27.16 

Mean  effective  pressure: 

First  cylinder 57. 46 

Second  cylinder 59. 31 

Third  cylinder 55.0 

Indicated  horsepower: 

First  cylinder 91.51 

Second  cylinder : 94. 52 

Third  cylinder 88.39 

Total  indicated  horsepower 274. 4 

Horsepower  delivered  (electrical  horsepower) 200.5 

Mechanical  efficiency  (engine  and  generator  combined ) per  cent. .  72. 9 

Cubic  feet  standard  gas  per  hour  per  indicated  horsepower 69 

Cubic  feet  standard  gas  per  hour  per  electrical  horsepower 94.6 

MISSOURI    No.  a. 
GENERAL    RESULTS. 

The  general  results  of  tests  of  Missouri  No.  2  coal  are  tabulated  below: 
1403— No.  48,  pt  3—06 12 
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OFEBATJONS   OF  THE   0OAL-TE8TINO   PLANT. 

0A8  ANALYSES. 


Time. 

CO,. 

Oe. 

CO. 

Hf 

CH4. 

N. 

Total. 

B.T.U. 

8.40  a.  m 

9.6 
12.2 
12.0 
12.8 
13.0 
11.2 
12.0 

0.0 
.4 
.6 
.8 
.0 
.6 
.0 

12.6 
11.4 
11.4 
10.8 
9.4 
11.2 
11.0 

2.1 
7.3 
7.9 
7.6 
9.8 
6.9 
6.2 

1.8 
2.4 
5.4 
5.7 
5.5 
5.5 
8,0 

73.9 
66.3 
62.7 
62.3 
62.3 
64.6 
62.8 

100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 

70.5 

10.40  a.  m 

90.8 

12.55  p.  m 

124.8 

3.20  p.  m 

124.8 

7. 15  p.  m 

125.4 

9.15  p.  m 

121.7 

11.15  p.  m 

145.2 

Producer-gas  test  No.  lAy<^  Missouri  No.  2  coal. 

■     [Recorded  by  M.  H.  Moant  and  R.  E.  Peshak,  November  3, 1904.] 
1.  Duration  of  test,  in  hours 


AVERAGK  TEMPERATURE,  °  F. 


2.  Gas  leaving  producer 

3-6.  (See  footnote  on  p.  1027.) 


OUTSIDE  POWER  CHARGED  AOAIN8T  PRODUCER  PLANT. 


9.  Equivalent  in  pounds  of  coal  per  hour 

10.  Equivalent  in  pounds  of  dry  coal  per  hour 

11.  Equivalent  in  pounds  of  combustible  per  hour 

12    Average  horsepower  required  to  drive  auxiliary  machinery 

13.  Total  water  used  in  scrubber  and  tar  extractor cubic  feet. 

14.  Cubic  feet  of  water  per  hour  per  horsepower  of  producer  plant 

15.  Cubic  feet  of  water  per  1,000  cubic  feet  of  gas  produced 


COAL  CONSUMED  IN  PRODUCER. 

16.  Total  coal  consumed pounds. 

17.  Moisture  in  coal : per  cent . 

18.  Total  dry  coal  consumed pounds. 

19.  Refuse  from  dry  coal per  cent. 

20.  Total  refuse  from  coal pounds. 

21.  Total  combustible  consumed do. . . 

tX)AL  PER  HOUR. 

22.  Coal  consumed  in  producer pounds. 

23.  Dry  coal  consumed  in  producer do. . . 

24.  Combustible  consumed  in  producer do. . . 

25.  Equivalent  coal  used  by  producer  plant do. . . 

26.  Equivalent  dry  coal  used  by  producer  plant do. . . 

27.  Equivalent  combustible  used  by  producer  plant do. . . 


6.33 


57.4 

60.8 

42.3 

11.3 

757.9 

.479 

5.67 

3,300 

11.60 
2,920 

16.79 
490 
2,430 

522 

462 

384 

579.4 

512.8 

426.3 


aOaa-producer  hopper  leaked.    Test  No.  7  was  divided  into  two  parU>.  as  explained  on  p.  1165. 


PBODUCEB-OAS  TESTS. 
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1162  OPERATIONS   OF   THE    COAL-TESTING   PLANT. 

COAL  CON8UMKD  PER  llgUARB  FOOT  Of  FUEL  BED  PER  HOUR. 

28.  Coal  aa  fired 13.6 

29.  Dry  coal 12 

30.  Ck)mbu8tible 10 

BRITISH  THERMAL  UNITS  FROM  COAL. 

31.  Per  pound  of  coal  as  fired 10,6a5 

32.  Per  pound  of  dry  coal 11 ,  882 

33.  Per  pound  of  combustible 14,280 

34.  From  coal  aa  fired,  per  hour 5, 490, 000 

36.  From  dry  coal,  per  hour 5, 490, 000 

36.  From  combustible,  per  hour 6, 490, 000 

OAS  PRODUCED,  CTBIC  KKET. 

[Qaa  at  62®  F.  and  14.7  pounds  pressure.] 

37.  Total 133,579 

38.  Per  hour , 21,100 

39.  Per  pound  coal  consumed  in  producer 40. 5 

40.  Per  pound  dry  coal  consumed  in  producer 46. 8 

41.  Per  pound  combustible  consumed  in  producer 66 

42.  Per  pound  equivalent  coal  used  by  producer  plant 36. 4 

43.  Per  pound  equivalent  dry  coal  used  by  producer  plant 41. 2 

44.  Per  pound  equivalent  combustible  used  by  producer  plant 49. 6 

BRITISH  THBRMAL  UNITS  FROM  STANDARD  GAS. 

46.  Per  cubic  foot 135.6 

46.  Per  pound  dry  coal  burned  in  producer 6, 200 

47.  Per  hour  per  brake  horsepower 12, 200 

AVBRAQR  HORSEPOWER  DEVELOPED. 

48.  Electrical  horsepower  available  for  outside  purposes 187.  7 

49.  Electrical  horsepower  developed  at  switch  board 199 

60.  Brake  horsepower  available  for  outside  purposes 221 

51.  Brake  horsepower  developed  at  engine 234 

EFFICIENCIES. 

62.  Of  conversion  and  cleaning  gas .52 

63.  Of  producer  plant .47 


PRODUCER-GAS   TESTS. 

COAL  PER  HOB8BPOWER  PER  HOUR. 
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54. 


65. 


56. 


Pounds  consumed  in  producer  per  electrical  horsepower 
available  for  outside  purposes 


Pounds  consumed  in  producer  per  electrical  horsepower 
developed  at  switch  board 


Pounds  consumed  in  producer  per  brake  horsepower  a 
available  for  outside  purposes 

57.  Pounds  consumed  in  producer  per  brake  horsepower « 
developed  at  engine 


58. 


59. 


60. 


61. 


Eouivalent  pounds  used  by  producer  plant  per  electrical 
horsepower  available  for  outside  purposes 


Eouivalent  pounds  used  by  producer  plant  per  electrical 
horsepower  developed  at  switch  board 


Eouivalent  pounds  used  by  producer  plant  per  brake 
horsepower  a  available  for  outside  purposes 


Equivalent  pounds  used  by  producer  plant  per  brake 
horsepower «  developed  at  engine 


Coal  as  flred. 

Dry  coal. 

CombiMtible. 

2.78 

2.46 

2.05 

2.62 

2.32 

1.93 

2.36 

2.09 

1.74 

2.23 

1.98 

1.64 

3.09 

2.73 

2.27 

2.91 

2.58 

2.14 

2.62 

2.32 

1.93 

2.48 

2.19 

1.83 

a  Baaed  on  an  anumed  efilciency  of  H&  per  cent  for  generator  and  belt. 


AVERAGE  0OMPO8ITION  OP  COAL  AND  OA8. 


62.  Coal:  Percent. 

Moisture 11.60 

Volatile  matter 35.28 

Fixed  carbon 38.28 

Ash 14.84 


100.00 


63.  Gas  by  volume: 

Carbon  dioxide  (CO,).. 

Oxygen  (O,) 

Carbon  monoxide  (CO) 

Hydrogen  (H,) 

Methane  (CHJ 

Nitrogen  (N,) 


Sulphur 4.56 

Producer-gas  test  No.  7Bjf^  Misiouri  No,  t  coal. 
[Recorded  by  M.  H.  Mount  and  R.  E.  Peshak,  November  8, 1904.] 
1.  Duration  of  test,  in  hours 


Percent. 
.  11.27 
.33 
.  11.80 
.  5.77 
.  3.20 
.     67.63 

100.00 


4.: 


AVERAGE  TEMPERATURE,  °  P. 


2.  Gas  leaving  producer 

3-6.  (See  footnote  on  page  1027.) 


OUTSIDE  POWER  CHARGED  AOAIN8T  PRODUCER  PLANT. 


9.  Equivalent  in  pounds  of  coal  per  hour 

10.  Equivalent  in  pounds  of  dry  coal  per  hour 

11.  Equivalent  in  pounds  of  combustible  per  hour 

12.  Average  horsepower  required  to  drive  auxiliary  machinery 

13.  Total  water  used  in  scrubber  and  tar  extractor cubic  feet. 

14.  Cubic  feet  of  water  per  hour  per  horsepower  of  producer  plant 

15.  Cubic  feet  of  water  per  1,000  cubic  feet  of  gas  produced 


856 


38 
33.6 
28 
12.9 
1,189.5 
1.10 
14.3 


n  Gas-producer  hopper  leaked. 


1164  OPERATIONS   OF  THE   COAL-TESTING   PLANT. 

COAL  CONSUMED  IN  PRODUCER. 

I 

16.  Total  coal  consumed pounds..  1,500 

17.  Moisture  in  coal per  cent. .  11. 6 

18.  Total  dry  coal  consumed pounds. .  1, 326 

19.  Refuse  from  coal per  cent. .  16. 79 

20.  Total  refuse  from  coal pounds. .  223 

21.  Total  combustible  consumed do 1, 103 

COAL  PER  HOUR. 

22.  Coal  consumed  in  producer pounds.  -  346. 5 

23.  Dry  coal  consumed  in  producer do 306 

24.  Combustible  consumed  in  producer do 255 

26.  Equivalent  coal  used  by  producer  plant do 384. 5 

26.  Equivalent  dry  coal  used  by  producer  plant do 339. 6 

27.  Equivalent  combustible  used  by  producer  plant do 283 

COAL  CONSUMED  PER  SQUARE  FOOT  OF  FUEL  BED  PER  HOUR. 

28.  Coalasfired 9 

29.  Dry  coal 7.96 

30.  Combustible 6.62 

BRITISH  THERMAL  UNITS  PROM  COAL. 

31.  Per  pound  of  coal  as  fired .• 10, 505 

32.  Per  pound  of  dry  coal 11,882 

33.  Per  pound  of  combustible 14, 280 

84.  From  coal  as  fired,  per  hour : 3,640,000 

35.  From  dry  coal,  per  hour 3,640,000 

36.  From  combustible,  per  hour 3,640,000 

QAS  PRODUCED,  CUBIC  FEET. 

[Gas  at  62°  F.  and  14.7  pounds  pressure.] 

37.  Total 83,546 

38.  Per  hour 19,300 

39.  Per  pound  coal  consumed  in  producer 55.  7 

40.  Per  pound  dry  coal  consumed  in  producer 63 

41.  Per  pound  combustible  consumed  in  producer 75. 7 

42.  Per  pound  equivalent  coal  used  by  producer  plant 50. 2 

43.  Per  pound  equivalent  dry  coal  used  by  producer  plant 56. 8 

44.  Per  pound  equivalent  combustible  used  by  producer  plant 68. 2 

BRITISH  THERMAL  UNITS  FROM  STANDARD  OAS. 

45.  Per  cubic  foot 140 

46.  Per  pound  dry  coal  burned  in  producer 8, 820 

47.  Per  hour  per  brake  horsepower 11, 560 

AVERAGE  HORSEPOWER  DEVELOPED. 

48.  Electrical  horsepower  available  for  outside  purposes 185.  7 

49.  Electrical  horsepower  developed  at  switch  board 198. 6 

50.  Brake  horsepower  available  for  outside  purposes 218. 5 

51.  Brake  horsepower  developed  at  engine 233. 5 


PBODUCEB-OAS  TESTS. 
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KFPICIBNCIK8. 


52.  Of  oonv^rHiOTi  and  clfttnTncr  irafl 

0.742 

53.  Of  Droducer  olant - .......... 

.664 

COAL  PKB  HORSEFOWBR  PKR  HOUR. 

Coal  as  fired. 

Dryooal. 

Combustible. 

54.  Pounds  consumed  in  producer  per  electrical  horsepower 
available  for  outside  purposes 

1.87 
1.74 
1.59 
1.48 
2.07 
1.94 
1.76 
1.65 

1.65 
1.54 
1.40 
1.31 
1.83 
1.71 
1.55 
1.45 

1.37 

55.  Pounds  consumed  in  producer  per  electrical  horsepower 
developed  at  switch  board 

1.28 

56.  Pounds  consumed  in  producer  per  brake  horsepower « 
available  for  outside  purposes 

1.17 

57.  Pounds  consumed  in  producer  per  brake  horsepower « 
developed  at  engine 

1.09 

58.  Eouivalent  pounds  used  by  producer  plant  per  electrical 
lorsepower  available  for  outside  purposes. 

1.52 

59.  Eouivalent  pounds  used  by  producer  plant  per  electrical 
lorsepower  developed  at  switch  board 

1.43 

60.  Eouivalent  pounds  used  by  producer  plant  per  brake 

lorsepower «  available  for  outside  purposes 

61.  Equivalent  pounds  used  by  producer  plant  per  brake 

lorsepower  ^  developed  at  engine 

1.30 
1.21 

a  Based  on  an  assumed  efficiency  of  85  per  cent  for  generator  and  belt. 


AYBRAOE  COMPOSTTION  OF  GOAL  AND  OAJB. 


Coal:  Percent 

Moisture 11.60 

Volatile  matter 35.28 

Fixed  carbon 38.28 

Ash 14.84 


100.00 


Sulphur 4.56 


63.  Gas  by  volume:  per  cent. 

Carbon  dioxide  (00,) 12.07 

Oxygen  (O,) 20 

Carbon  monoxide  (CO) 10. 53 

Hydrogen  (H,) 7.63 

Methane  (CHJ 6.33 

Nitrogen  (N,) 63.24 


100.00 


OAS  ENGINE. 

In  making  up  the  report  of  this  test  it  was  necessary  to  divide  the  test  into  two 
distinct  parts.  The  fuel  bed  was  not  in  very  good  condition  during  the  early  part 
of  the  run,  and  after  2.40  p.  m.  considerable  difficulty  was  experienced  from  this 
source.  Test  7A  includes  that  part  of  the  run  from  8.20  a.  m.  to  2.40  p.  m.,  or 
6.33  hours. 

At  6.20  p.  m.  the  load  was  taken  oflf  the  engine  in  order  to  give  an  opportunity 
for  building  up  the  producer  bed.  Records  were  resumed  at  8  p.  m.  under  good 
conditions  and  everything  indicated  a  successful  run.  At  12.26  a.  m.  November  4 
two  of  the  engine  exhaust  valves  stuck  and  the  engine  stopped.  The  report  No. 
TB  is  based  on  the  run  from  8  p.  m.  to  12.20  a.  m. 
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OPERATIONS    OF   THE    COAL-TESTING    PLANT. 


In  reporting  on  this  coal  the  gas-producer  operator  says: 

"In  using  Missouri  No.  2  coal  some  difficulty  was  experienced  in  keeping  the 
bed  in  good  condition,  owing  to  its  tendency  to  break  open  in  spots.  The  high 
percentage  of  sulphur  in  the  coal  did  not  add  to  its  value  as  a  producer  fuel,  but  the 


RIffht  cyUnder.    M.  E.  P.,  W;  Max.,  M;  ReL,  St;  L  H.  P.,  M.e. 


OeatercjUadsr.    M.  E.  P.,  M;  Max.,  SM;  ReL.  84.  1.  H.  P^  97.7. 


Left  crltnder.    M.  E.  P.,  BO;  Max.,  187(  Rel.,  St;  L  H.  P^  It. 


Indicator  dla«rramf<  taken  November  S,  1904,  during  gas-engine  test  No.  7B,  on  Minoori  No.  2  coal.    Scale  of  spring,  80; 

revolntions  per  minute,  200.2. 

writer's  opinion  is  that  it  can  be  used  in  producers  by  increasing  the  facilities  for 
purifying." 

For  item  9,  as  in  test  No.  5,  11  per  cent  of  the  coal  fired  was  taken. 
In  the  indicator  caixls  shown  the  combustion  is  seen  to  be  rather  slow,  and  the 
ignition  is  late  in  the  right  and  left  cylinders. 


PBODUCBR-OAS  TESTS.  1167 

Report  of  gcu'engine  test  No.  7 A, 

Recorded  by  R.  W.  CnmmingB  and  W.  0.  Weidmann,  November  3,  1904. 
Producer  test  No.  7  A. 

Coal:  General  number,  Miflsouri  No.  2;  special  number,  S.  C.  7 A.    Oar  initials  and  number,  C,  B. 
and  Q.  86827. 

Duration  of  test,  in  hours . .  *. 6J 

Revolutions  per  minute  (mean) 200 

Ex  plosions  per  minute  ( mean  ) •. 100 

Cubic  feet  gas  per  hour,  by  meter 21, 000 

Cubic  feet  standard  gas  per  hour  (1.  e.,  62®  F.,  14.7  pounds  pressure) 21, 100 

Maximum  pressure: 

First  cylinder 223.3 

Second  cylinder 280 

Third  cylinder 200.7 

Pressure  at  release: 

First  cylinder ■     33 

Second  cylinder 34 

Third  cylinder 30.7 

Mean  effective  pressure: 

First  cylinder 63.3 

Second  cylinder , 62 

Third  cylinder 54 

Indicated  horsepower: 

First  cylinder 100.6 

Second  cylinder 98. 4 

Third  cylinder 86.1 

Total  indicated  horsepower 285.1 

Horsepower  delivered  (electrical  horsepower) 199 

Mechanical  efficiency  (engine  and  generator  combined) per  cent. .  60. 8 

Cubic  feet  standard  gas  per  hour  per  indicated  horsepower 74 

Chibic  feet  standard  gas  per  hour  per  electrical  horsepower .- 106 

Report  of  gas-engine  test  No,  7B. 

Recorded  by  R.  W.  Cummings  and  W.  C.  Weidmann,  November  3,  1904. 
Producer  test  No.  7B. 

Coal:  General  number,  Missouri  No.  2;  special  number,  G.  P.  7B.    Car  initials  and  number,  C,  B. 
and  Q.  86827. 

Duration  of  test,  in  hours 4J 

Revolutions  per  minute  (mean) 198. 9 

Explosions  per  minute  (mean) 99. 45 

Cubic  feet  gas  per  hour,  by  meter •. 19, 690 

Cubic  feet  standard  gas  per  hour  (i.  e.,  62®  F.,  14. 7  pounds  pressure) 19, 290 


1168  OPERATIONS   OF   THE    COAL-TESTING    PLANT. 

Maximum  presBure: 

First  cylinder '. 240.7  i 

Second  cylinder, 278. 7  , 

Third  cylinder 18^7 

Pressure  at  release: 

First  cylinder 30.7  j 

Second  cylinder 31.3  ! 

Third  cylinder 31  I 

Mean  effective  pressure: 

First  cylinder : 59.3 

Second  cylinder 58.  7 

Third  cylinder 51 

Indicated  horsepower: 

First  cylinder 94 

Second  cylinder 92. 9 

Third  cylinder 80.8 

Total  indicated  horsepower 267. 7 

Horsepower  delivered  (electrical  horsepower) 198. 6 

Mechanical  efficiency  ( engine  and  generator  combined ) per  cent. .  74. 2 

Cubic  feet  standard  gas  per  hour  per  indicated  horsepower 72. 1 

Cubic  feet  standard  gas  per  hour  per  electrical  horsepower 97. 1 

MONTANA   No.  z. 
GENERAL  RESULTS. 

The  general  results  of  tests  of  Montana  No.  1  coal  are  tabulated  as  follows: 


PBODUCEB-GAS   TESTS. 
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OPERATIONS   OF   THE   COAL-TESTING   PLANT. 

GAS  ANALYSES. 


Time. 

CO,. 

3.2 

5.8 

6.2 

7.4 

7.8 

9.6 

10.6 

10.0 

11.8 

11.8 

11.0 

10.4 

11.8 

12.4 

12.0 

13.4 

14.2 

0.. 

CO. 

H,. 

6.9 
10.6 
10.1 
6.0 
4.5 
10.8 
10.2 
9.5 
5.88 
.38 
10.66 
8.0 
10.5 
5.49 
.0 
.0 
.0 

CH«. 

N. 

Total. 

100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 

B.  T.  I'. 

8.15a.  m.. 

0.8 
.2 
.4 
.5 
.8 
.6 
.2 
.2 
.0 
.6 
.0 
.4 
.0 
.0 
.0 
.2 
.0 

23.9 
21.6 
22.8 
21.7 
20.8 
19.4 
17.2 
16.8 
14.7 
15.0 
15.0 
18.2 
15.6 
11.4 
11.6 
9.6 
6.8 

4.3 

7.1 

5.5 

6.9 

3.9 

3.7 

3.9 

5.5 

2.94 

4.07 

5.33 

8.0 

1.8 

3.66 

4.89 

3.7 

1.3 

60.9 

54.7 

55.0 

57.5 

62.2 

55.9 

57.9 

58.0 

64.68 

68.15 

58.01 

55.0 

60.3 

67.05 

71.51 

73.1 

77.7 

153.2 

10.15  a.m 

187.9 

12.15  p.  m 

173.3 

2.15  p.  m 

4.15  p.  m 

170.1 
129.8 

6.15  p.  m 

144.7 

8.15  p.  m 

137.1 

10  p.  m 

150.3 

"*  r"  "' 

12  p.  m 

103.1 

2  a.  m 

97.4 

4  a.  m 

146.2 

6  a.  m 

176.6 

8  a.  m 

110  2 

10  a.  m 

97.9 

12m 

2d.  m 

92.7 
72.9 

2.15  p.  m 

37.6 

Producer-gas  test  No.  bAy  Momlana  No.  1  eodl.a 

[Recorded  by  M.  H.  Mount  and  R.  E.  Peshak,  October  24,  26, 1904.] 
1 .  Duration  of  test,  in  hours 


▲VEBAOE  TXMPEBATX7BE,  <*r. 


2.  Gas  leaving  producer 

3-6.  (See  footnote  on  p.  1027.) 

OUT8IDK  POWER  CHABQED  AGAINST  PRODUCER  PLANT. 

9.  Equivalent  in  pounds  of  coal  per  hour 

10.  Equivalent  in  pounds  of  dry  coal  per  hour 

11.  Equivalent  in  pounds  of  combustible  per  hour 

12.  Average  horsepower  required  to  drive  auxiliary  machinery 

13.  Total  water  used  in  scrubber  and  tar  extractor cubic  feet. 

14.  Cubic  feet  of  water  per  hour  per  horsepower  of  producer  plant 

15.  Cubic  feet  of  water  per  1,000  cubic  feet  of  gas  produced 


COAL  CONSmiED  IN  PRODUCER. 


16. 
17. 
18. 


Total  coal  consumed pounds. . 

Moisture  in  coal per  cent. . 

Total  dry  coal  consumed pounds. . 

19.  Refuse  from  dry  coal per  cent. . 

20.  Total  refuse  from  coal pounds. . 

21 .  Total  combustible  consumed do 


22.33 


737.6 


50.3 

44.6 

39.2 

8.5 

2,264 

.406 
6.13 

10,200 

11.40 
9,037 

12.12 
1,095 
7,942 


«  Gas-producer  hopper  leaked.    Test  No.  5  was  divided  Into  two  parts,  as  explained  on  p.  1180. 


PBODUCEB-GAS  TESTS. 


ii7y 


COAL  PEB  HOUR. 

22.  Coal  consumed  in  producer pounds. 

23.  Dry  coal  consumed  in  producer do. . . 

24.  Combustible  consumed  in  producer do. . . 

25.  Equivalent  coal  used  by  producer  plant do. . . 

26.  Equivalent  dry  coal  used  by  producer  plant do. . . 

27.  Equivalent  combustible  used  by  producer  plant ^ do. . . 

COAL  CONSUMED  PEB  SQUABE  FOOT  OF  FUEL  BED  PEB  HOUB. 

28.  Coal  as  fired pounds. 

29.  Diy  coal do. . . 

30.  Combustible do... 


4fi6.5 
404.5 
355.8 
506.8 
449.1 
395 


11.85 

10.50 

9.25 


BBITISH  THERMAL  UNITS  FROM  COAL. 

31.  Per  pound  of  coal  as  fired 10, 575 

32.  Per  pound  of  dry  coal 11, 934 

33.  Per  pound  of  combustible 13, 580 

34.  From  coal  as  fired,  per  hour 4, 825, 000 

35.  From  dry  coal,  per  hour 4, 825, 000 

36.  From  combustible,  per  hour 4, 825, 000 

OAS  PBODUCED.  CUBIC  FEET. 

[Qas  at  62®  F.  and  14.7  pounds  pressure.] 

37.  Total 369,500 

16,640 

36.23 

40.89 

46.50 

32.64 

36.80 

41.90 


38.  Per  hour 

39.  Per  pound  coal  consumed  in  producer 

40.  Per  pound  dry  coal  consumed  in  producer 

41.  Per  pound  combustible  consumed  in  producer 

42.  Per  pound  equivalent  coal  used  by  producer  plant 

43.  Per  pound  equivalent  dry  coal  used  by  producer  plant 

44.  Per  pound  equivalent  combustible  used  by  producer  plant . 


BRITISH  THERMAL  UNITS  FROM  STANDARD  QA8. 


45.  Per  cubic  foot 

46.  Per  pound  dry  coal  burned  in  producer . 

47.  Per  hour  per  brake  horsepower 


160.8 
6,580 
11,340 


AVERAGE  HORSEPOWER  DEVELOPED. 


48.  Electrical  horsepower  available  for  outside  purposes. 

49.  Electrical  horsepower  developed  at  switch  board 

50.  Brake  horsepower  available  for  outside  purposes.  . . . 

51.  Brake  horsepower  developed  at  engine 


EFFICIENCIES. 


52.  Of  conversion  and  cleaning  gas . 

53.  Of  producer  plant 


191 
199.5 
224.8 
234.7 

.551 
495 
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COAL  PKB  HORSEPOWER  PER  HOUR. 


54.  Pounds  consumed  in  producer  per  electrical  horsepower  avail- 

able for  outside  purposes 

55.  Pounds  consumed  in  producer  per  electrical  horsepower  devel- 

oped at  switch  board 


56.  Pounds  consumed  in  producer  per  brake  horsepower  a  available 

for  outside  purposes 

57.  Pounds  consumed  in  producer  per  brake  horsepower  a  devel- 

oped at  engine 


58.  Equivalent  pounds  used  by  producer  plant  per  electrical  horse- 
power available  for  outside  purposes : . . . 


59.  Equivalent  pounds  used  by  producer  plant  per  electrical  horse- 
power developed  at  switcn  board 


60.  Equivalent  pounds  used  by  producer  plant  per  brake  horse- 
power a  available  for  outside  purposes 


61 .  Equivalent  pounds  used  by  producer  plant  per  brake  horse- 
power a  developed  at  engine 


62.  Coal: 


a  Based  on  an  assumed  efficiency  of  86  per  cent  for  generator  and  belt. 

AVERAQE  COMPOSITION  OF  COAL  AND  OAS. 

63.  Gas  by  volume 


»al  as  fired. 

Dry  coal. 

Combustible. 

2.39 

2.12 

1.86 

2.29 

2.03 

1.78 

2.03 

1.80 

1.58 

1.95 

1.72 

1.52 

• 

2.65 

2.35 

2.07 

2.54 

2.25 

1.98 

2.26 

2.00 

i;76 

2.16 

1.91 

1.68 

Per  cent. 
Moisture 11. 40 

Volatile  matter 34.  55 

Fixed  carbon 43. 31 

Ash 10.74 


Sulphur. 


100.00 
1.72 


Per  cent. 
Carbon  dioxide  (COa) 9. 04 

OxygenCOa) 36 

Carbon  monoxide  (CO) 18. 67 

Hydrogen  (Ha) 8.00 

Methane  (CH4) 4.84 

Nitrogen(N2) 59.09 


100.00 


From  8.15  a.  m.  October  24  to  8.35  a.  m.  October  25  full  load  was  carried. 
Owing  to  the  fact  that  the  producer  was  overcharged  prior  to  beginning  the  official 
test  at  8.15  a.  m.  October  24,  the  first  two  hours  of  the  test  have  been  disregarded 
in  making  up -the  report.  The  portion  of  the  test  designated  as  No.  5  A  begins 
with  the  records  taken  at  10.15  a.  m.  October  24  and  ends  with  the  8.35  a.  m. 
readings  on  October  25,  making  a  test  of  22.33  hours. 

Owing  to  the  clinkery  condition  of  the  fuel  bed,  it  was  difficult  to  keep  the 
quality  of  the  gas  up  to  standard  after  8.35  a.  m.  October  25,  and  consequently 
the  load  was  reduced  to  about  two-thirds  of  full  load.  Test  No.  5B  includes 
that  portion  of  the  test  on  this  coal  after  the  reduction  of  load.  As  there  was 
a  tendency  of  the  producer  operator  to  ''hold"  the  last  one  or  two  charges  of  coal 
fed  to  the  producer,  the  last  hour  of  the  test  was  not  counted  in  making  up  the 
report  of  test  No.  5B.  The  report  includes  4.67  hours  from  8.55  a.  m.  to  1.15 
p.  m.  October  25,  Although  this  second  part  of  the  test  is  very  short  and  subject 
to  possible  inaccuracies  on  this  account,  yet  the  two  parts  of  the  run  on  this  coal. 
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viz,  5 A  and  5B,  serve  to  show  the  relative  results  that  may  be  expected  when 
operating  with  the  producer  bed  in  good  and  bad  condition. 

The  Montana  No.  1  coal  was  a  washed  slack.  It  made  good  gas,  but  was 
too  fine  to  be  burned  at  the  rated  output  of  the  producer.  It  clinkered  badly, 
causing  the  blast  to  break  through  the  bed  in  two  or  three  places  and  make  bad 
holes.  The  test  is  valuable  principally  as  a  demonstration  that  good  gas  can  be 
made  from  coal' of  this  class. 

It  is  recommended  that  a  water-seal  type  of  producer  be  used  for  fuel  of  this 
class,  and  also  that  the  coal  be  fed  in  sizes  not  smaller  than  chestnut.  After  this 
test  the  bed  of  ashes  was  drawn  from  the  producer  as  the  large  clinkers  would 
have  been  detrimental  to  the  next  following  test. 

Item  9,  evaporation  per  pound  of  coal,  was  not  obtained  for  this  coal.  After 
several  tests  had  been  completed  it  was  found  that  the  average  "Equivalent 
in  pounds  of  coal  per  hour''  was  about  11  per  cent  of  the  coal  consumed  in  the 
producer.  In  this  test  and  the  others  in  which  definite  figures  were  not  at  hand 
the  above  value  was  used. 

Three  sets  of  indicator  cards  are  shown,  all  with  the  same  ignition  setting. 
In  the  first  set  the  ignition  is  seen  to  be  too  early.  The  second  set  represents  the 
average  card  taken  during  the  test.  The  third  set  was  taken  during  the  last 
of  the  test,  after  the  load  had  been  reduced  on  account  of  the  low  calorific  value 
of  the  gas.  As  is  readily  seen,  the  ignition  during  this  portion  of  the  test  was 
too  late. 

Some  difficulty  was  experienced  in  keeping  the  correct  mixture  of  air  and 
gas,  owing  to  the  variation  in  the  quality  of  gas  produced  during  different  periods 
of  the  run. 

Producer-^as  test  No.  dB^a  Montana  No.  1  coal. 
[Recorded  by  M.  H.  Mount  and  R.  E.  Peshak,  October  24,  25, 1004.] 

1.  Duration  of  test,  in  hours 4. 67 

% 

AVEBAOE  TEMPEBATURE,   ^F. 

2.  Gas  leaving  producer 779 

3-6.  (See  footnote  on  p.  1027.) 

OUTSIDE  POWEB  CHABOED  AGAINST  PRODUCEB  PLANT. 

9.  Eiquivalent  in  pounds  of  coal  per  hour 39.  3 

10.  Equivalent  in  pounds  of  dry  coal  per  hour .34. 8 

11.  Equivalent  in  pounds  of  combustible  per  hour 30. 6 

12.  Average  horsepower  required  to  drive  auxilii^ry  machinery 8 

13.  Total  water  used  in  scrubber  and  tar  extractor cubic  feet. .  579 

14.  Cubic  feet  of  water  per  hour  per  horsepower  of  producer  plant .  496 

15.  Cubic  feet  of  water  per  1,000  cubic  feet  of  gas  produced 7. 1 

oOas-producer  hopper  leaked. 


1182  OPERATIONS   OF   THE   COAL-TESTING   PLANT. 

COAL  CONSUMED  IN  PBODUCER. 

16.  Total  coal  consumed pounds. .  1, 800 

17.  Moisture  in  coal per  cent. .  11, 40 

18.  Total  dry  coal  consumed pounds. .  1, 505 

19.  Refuse  from  dry  coal per  cent. .  12. 12 

20.  Total  refuse  from  coal : pounds. .  193 

21 .  Total  combustible  consumed do 1, 402 

COAL  PER  HOUR. 

22.  Coal  consumed  in  producer pounds. .  386 

23.  Dry  coal  consumed  in  producer do 342 

24.  Combustible  consumed  in  producer do 300 

25.  Equivalent  coal  used  by  producer  plant do 425. 3 

26.  Equivalent  dry  coal  used  by  producer  plant do 376. 8 

27.  Equivalent  combustible  used  by  producer  plant do 330. 6 

COAL  CONSUMED  PER  SQUARE  FOOT  OF  FUEL  BED  FEB  HOUR. 

28.  Coal  as  fired pounds. .  10 

29.  Dry  coal do 8. 9 

30.  Combustible do 7. 8 

BRITISH  THERMAL  UNITS  FBOM  COAL. 

31.  Per  pound  of  coal  as  fired 10, 575 

32.  Per  pound  of  dry  coal 11, 934 

33.  Per  pound  of  combustible 13, 580 

34.  From  coal  as  fired,  per  hour 4, 080, 000 

35.  From  dry  coal,  per  hour 4,080,000 

36.  From  combustible,  per  hour 4, 080, 000 

OAS  PBODUCED,  CUBIC  FEET. 

[Gas  at  62°  F.  and  14.7  pounds  pressure.] 

37.  Total 81,500 

38.  Per  hour 17,464 

39.  Per  pound  coal  consumed  in  producer 15. 2 

40.  Per  pound  dry  coal  consumed  in  producer 51 

41.  Per  pound  combustible  consumed  in  producer 58. 2 

42.  Per  pound  equivalent  coal  used  by  producer  plant 41. 1 

43.  Per  pound  equivalent  dry-  coal  used  by  producer  plant 46. 3 

44.  Per  pound  equivalent  combustible  used  by  producer  plant 52. 8 

BRITISH  THERMAL  UNITS  FROM  STANDARD  GAS. 

45.  Per  cubic  foot 127.  7 

46.  Per  pound  dry  coal  burned  in  producer 6, 530 

47.  Per  hour  per  brake  horsepower 14, 150 
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AVSRAOK  HOB8XPOWEB  DEVELOPED. 


48.  Electrical  horsepower  available  for  outside  purposes. 

49.  Electrical  horsepower  developed  at  switchboard 

50.  Brake  horsepower  available  for  outside  purposes 

51.  Brake  horsepower  developed  at  engine 


125.  8 
133.8 
148 
157.4 


ErnCIENCIES. 


52.  Of  conversion  and  cleaning  gas. 

53.  Of  producer  plant 


.546 
.538 


COAI.  PER  HORSEPOWER  PER  HOUR. 


Coal  as  fired.         Dry  coal. 


Combustible. 


64.  Pounds  consumed  in  producer  per  electrical  horsepower  avail- 
able for  outside  purposes 


55.  Pounds  consumed  in  producer  per  electrical  horsepower  de- 
veloped at  switch  board 


56.  Pounds  consumed  in  producer  per  brake  horsepower  a  available 
for  outside  purposes 


67.  Pounds  consumed    in  producer  per  brake  horsepower  a   de- 
veloped at  engine 


58.  Equivalent  pounds  used  by  producer  plant  per  electrical  horse- 
power available  for  outside  purposes 


69.  Equivalent  pounds  used  by  producer  plant  per  electrical  horse- 
'      '        •  "ch*        " 


power  developed  at  switch  board. 

Equivalent  pounds  used  by  produci 
power  a  available  for  outside  purposes  . 


60.  Equivalent  pounds  used  by  producer  plant  per  brake  horse- 

dae 


61.  Equivalent  pounds  used  by  producer  plant  per  brake  horse 
power  a  developed  at  engine 


I 
3.07  I 

2.88  I 

2.61  I 

2.45  I 

I 

3.38  , 
3  . 
2.88  , 
2.70 


2.72 
2.56 
2.31 
2.17 
3.00 
2.81 
2.55 
2.39 


2.38 
2.24 
2.03 
1.91 
2.63 
2.47 
2.23 
2.10 


«  Based  on  an  assumed  efTicieney  of  85  per  cent  for  generator  and  belt. 

AVERAOB  COMPOSITION  OF  COAL  AND  OAS. 


62.  Coal: 


Per  cent  |  63.  Gas  by  volume: 


Moisture 11. 40 

Volatile  matter 34. 55 

Fixed  carbon 43.31 

Ash 10.74 


Sulphur. 


100.00 
1.72 


Per  cent. 
Carbon  dioxide  (COj) 13.00 

Oxygen  (Oj) 05 

Carbon  monoxide  (CO) 9.85 

Hydrogen  (Hj) 1.37 

Methane  (CH4) 3. 39 

Nitrogen  (Na) 72. 34 

100.00 
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OAS   ENGINE. 

The  results  of  gas-engine  tests  are  as  follows: 

Report  ofgag-engiju  test  No.  6 A. 

Recorded  by  R.  W.  Cummings  and  W.  C.  Weidmann,  October  24,  25,  1904. 

Coal:  General   number,  Montana  No.  1;  special  number,  0.  P.  5A.    Car  initials  and  number,  C.  B.  and  Q. 
33808. 

Duration  of  test,  in  hours 22J 

Revolutions  per  minute  (mean) 201. 3 


RlffM cylinder.    M.  EL  P.,  VtAi  Max.,  900;  ReL,  SOj  L  H.  P.,  107. 


Center  cylinder.    M.  EL  P.,  00;  Max.,  aOl,  ReL,  80,  L  H.  P.,  W.1.  Left  cylinder.    M.  EL  P.,  «0;  Max.,  SES,  Rel.,  S;  I.  H.  P.,  W.L 

Indicator  diagrams  taken  October  *i4,  1904,  during  gas-engine  test  No.  6A,  on  Montana  No.  1  coal.    Scale  of  spring,  80; 

revolutions  per  minute,  201.8. 

Explosions  per  minute  (mean) 100. 6 

Cubic  feet  gas  per  hour,  by  meter .• 16, 800 

Cubic  feet  standard  gas  per  hour  (i.  e.,62®  F.,  14.7  pounds  pressure) 16, 540 
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Maximum  pressure: 

First  cylinder 262.8 

Second  cylinder 280.2 

Third  cylinder 253.8 

Pressure  at  release : 

First  cylinder 29.7 

Second  cylinder 29. 3 

Third  cylinder 40 


Bight  e7Und«r.   X.  E.  P.,  6S|  Has..  nO|  BeL,  80t  L  H.  P^  tLS. 


Center  cylinder.    X.  E.  P.,  MA,  Max.,  ttt;  ReL,  tt,  I.  H.  P ,  mA.  Left  ojlfBder.    X.  B.  P..  68,  Xmu  tiOi  BeL«  80^  L  H.  P.,  S&t. 

Indicator  diagiams  uken  October  24, 1904,  during  gas-engine  test  No.  6A,  on  Montana  No  1  coal.    Scale  of  spring,  80. 

revolutions  per  minute,  201. 

Mean  effective  pressure: 

First  cylinder 60. 1 

Second  cylinder 58. 3 

Third  cylinder 56 
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Indicated  horsepower: 

First  cylinder 95.3 

Second  cylinder 92.  4 

Third  cylinder .• 88. 6 

Total  indicated  horsepower 276.  3 

Horsepower  delivered  (electrical  horsepower) 199.  5 

Mechanical  efficiency  (engine  and  generator  combined) per  cent. .  72. 2 

Cubic  feet  standard  gas  per  hour  per  indicated  horsepower 59. 8 

Cubic  feet  standard  gas  per  hour  per  electrical  horsepower 82. 9 

Report  of  gas-engine  test  No.  5B. 

Recorded  by  R.  W.  Cummings  and  W.  C.  Weidmann,  October  24,  25,  1904. 
Producer  test  No.  5B. 

Coal :  General  number,  Montana  No.  1 ;  special  number,  G.  P.  5B.    Car  initials  and  number,  C.  B.  and  Q. 
33808. 

Duration  of  test,  in  hours 4J 

Revolutions  per  minute  (mean) 201 . 2 

Explosions  per  minute  (mean) 100. 6 

Cubic  feet  gas  per  hour,  by  meter 17, 694 

Cubic  feet  standard  gas  per  hour,  (i.  e.,  62°  F.,  14.7  pounds  pressure) 17, 455 

Maximum  pressure : 

First  cylinder 169. 3 

Second  cylinder 178. 7 

Third  cylinder 160.7 

Pressure  at  release : 

First  cylinder 24.  7 

Second  cylinder ' 24 

Third  cylinder 26 

Mean  effective  pressure : 

First  cylinder 47. 3 

Second  cylinder 46. 3 

Third  cylinder 47 

Indicated  horsepower: 

First  cyUnder 75. 3 

Second  cylinder 73. 7 

Third  cylinder 74. 9 

Total  indicated  horsepower 223. 9 


PRODUCER-GAS  TESTS.  1187 

Horsepower  delivered  (electrical  horsepower) 133. 75 

Mechanical  eflRciency  (engine  and  generator  combined) per  cent. .  59. 75 

Cubic  feet  standard  gas  per  hour  per  indicated  horsepower 77. 9 

Cubic  feet  standard  gas  per  hour  per  electrical  horsepower 130. 5 


Biffht  eyllnder.   M.  E.  P.,  46}  lUz.»  160;  ReL,  66;  I.  H.  P.,  njL 


Center  cyUnder.    M.  E.  P.,  46;  Max..  160;  Rel.,  66;  I.  H.  P.,  76.6. 


Left  ejUnder.    K.  B.  P..  M;  lUz^  ITS;  BeL,  66;  L  H.  P.,  76^2. 


Indicator  diagrams  taken  October  25, 1904,  during  gas-engine  test  No.  5B,  on  Montana  Mo.  1  ooal.    Scale  of  spring,  80; 

revolutions  per  minute,  202. 

NORTH  DAKOTA  No.  2. 

GENERAL  RESULTS. 

The  general  results  of  tests  of  North  Dakota  No.  2  coal  are  as  follows: 

1403— No.  48,  pt  3—06 14 
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OPEBATIONS   OF   THE   COAL-TESTING   PLANT. 

QAS  ANALYSES. 


Time. 


8.45  a.  m.  °. . 

9.22  a.  m 

10.45  a.  m. . . 
12.45  p.m... 

2.45  p.  m 

4.45  p.  m 

6.45  p.  m 

8.45  p.  m 

10.45  p.m... 
12.45  a.  m.  ^ 

2.45  a.  m 

4.45  a.  m 

6.45  a.  m 

8.45  a.  m 

10.45  a.  m. . . 
12.45  p.  m. . . 
1.45  p.  m 


Oo. 

0,. 

CO. 

H,. 

CH4. 

_ 

1.3 

N. 
57.4 

Total.    ' 

'                 1 
100.0  1 

B.  T.  r. 

7.8 

0.2 

20.0 

13.3 

132.0 

7.6 

.0 

21.0 

12.1 

1.8 

57.5 

100.0 

134.6 

8.0 

.0 

19.2 

17.0 

1.8 

54.0 

100.0 

129.4 

9.8 

.6 

18.6 

12.0 

4.6 

54.4 

100.0  ; 

175.7 

9.0 

-.4 

20.6 

11.9 

4.4 

53.7 

100.0  1 

170.2 

8.8 

.8 

21.0 

16.4 

4.2 

48.8 

100.0 

175. 1 

9.4 

.6 

21.6 

16.6 

4.9 

46.9 

100.0 

185.34 

9.0 

.2 

22.1 

14.6 

5.2 

48.9 

100.0 

182.32 

8.8 

.2 

22.0 

16.5 

5.0 

47.5 

100.0 

187.45 

8.4 

.0 

22.0 

15.6 

5.6 

48.4 

100.0 

190.71 

8.6 

.2 

23.0 

17.5 

3.8 

46.9 

100.0 

181.64 

8.4 

.2 

22.2 

16.1 

5.0 

48.1 

100.0 

186. 75 

8.8 

.2 

21.6 

18.9 

3.3 

47.2 

100.0 

176.3 

7.6 

.0 

20.2 

13.9 

6.6 

51.7 

100.0  1 

189. 16 

9.2 

.2 

19.6 

11.9 

8.5 

50.6 

100.0  ! 

200.34 

9.2 

.2 

20.4 

12.4 

'8.4 

49.4 

100.0 

203.6 

9.4 

.0 

20.2 

7.0 

8.2 

55.2 

100.0 

182. 19 

«  November  14.                                               b  November  15. 
Producer-gas  test  No.  10,  a  North  Dakota  No.  2  coal. 
[Recorded  by  M.  H.  Mount  and  R.  E.  Peshak,  November  14, 15, 1904.] 
1.  Duration  of  teet,  in  hours 


AVERAGE  TEMPERATXJBE,  °  F. 

2.  Gas  leaving  producer 

3-6.  (See  footnote  on  p.  1027.) 

OUTSIDE  POWER  CHARGED  AGAINST  PRODUCER  PLANT. 

7.  Total  steam  used  by  producer pounds. 

8.  Steam  used  by  producer  per  hour '. do. . . 

9.  Equivalent  in  pounds  of  coal  per  hour 

10.  Equivalent  in  pounds  of  dry  coal  per  hour 

11.  Equivalent  in  pounds  of  combustible  per  hour 

12.  Average  horsepower  required  to  drive  auxiliaiy  machineiy 

13.  Total  water  used  in  scrubber  and  tar  extractor cubic  feet. 

14.  Cubic  feet  of  water  per  hour  per  horsepower  of  producer  plant 

15.  Cubic  feet  of  water  per  1 ,000  cubic  feet  of  gas  produced 


30 


4,500 

ISO 

50 

30 

26.8 
9.07 
3,886.5 
.518 
11.22 


aOas-prodaoer  hopper  leaked. 
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1198  OPERATIONS    OF   THE    COAL-TESTING    PLANT. 

COAL  CONSITMED  IN  PRODUCER. 

16.  Total  coal  consumed pounds. .  13, 800 

17.  Moisture  in  coal per  cent. .  39.  56 

18.  Total  dry  coal  consumed pounds. .  8, 340 

19.  Refuse  from  dry  coal , per  cent. .  10.  53 

20.  Total  refuse  from  coal pounds. .  878 

21 .  Total  combustible  consumed do 7, 462 

COAL  PER  HOUR. 

22.  Coal  consumed  in  producer pounds. .  460 

23.  Dry  coal  consumed  in  producer do 278 

24.  Combustible  consumed  in  producer do 249 

25.  Equivalent  coal  used  by  producer  plant do 510 

26.  Equivalent  dry  cx)al  used  by  producer  plant do 308 

27.  Equivalent  combustible  used  by  producer  plant do 275. 8 

COAL  CONSUMED  PER  SQUARE  FOOT  OF  FUEL  BED  PER  HOUR. 

28.  Coal  as  fired pounds. .  12 

29.  Dry  coal do 7. 23 

30.  Combustible do 6.  48 

BRITISH  THERMAL  UNITS   FROM    COAL. 

31 .  Per  pound  of  coal  as  fired 6, 802 

32.  Per  pound  of  dry  coal 11, 255 

33.  Per  pound  of  combustible 12, 600 

34.  From  coal  as  fired,  per  hour .^ 3, 129, 000 

35.  From  dry  coal,  per  hour 3, 129, 000 

36.  From  combustible,  per  hour 3, 129, 000 

OAS   PRODUCED,  rVBIC   FeJET. 

[Oaa  at  52'^  F.  and  U.7  pounds  pressure. 1 

37.  Total 346,400 

38.  Per  hour 11, 550 

39.  Per  pound  coal  consumed  in  producer 25. 15 

40.  Per  pound  dr}''  coal  consumed  in  producer 41 .  53 

41 .  Per  pound  combustible  consumed  in  producer 46. 42 

42.  Per  pound  equivalent  coal  used  by  producer  plant 22. 68 

43.  Per  pound  equivalent  dry  coal  used  by  producer  plant 37.  50 

44.  Per  pound  equivalent  combustible  used  by  producer  plant 41.  88 

BRITISH  THERMAL  UNITS  FROM   STANDARD  GAS. 

45.  Per  cubic  foot 188.5 

46.  Per  pound  dry  coal  burned  in  producer 7, 830 

47.  Per  hour  per  brake  liorsepower .- 13, 770 


PRODUCER-GAS  TESTS. 

AVERAGE  HORSEPOWER  DEVELOPED. 

48.  Electrical  horsepower  available  for  outside  purposes 

49.  Electrical  horsepower  developed  at  switch  board 

50.  Brake  horsepower  available  for  outside  purposes 

51.  Brake  horsepower  developed  at  engine 

ErriCIENCIES. 

52.  Of  conversion  and  cleaning  gas 

53.  Of  producer  plant 

COAL  PER  HORSEPOWER  PER  HOUR. 
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125.1 
134.2 
147.3 
158 


.624 


Coal  as  fired.  *      Dry  eoal.      >  Combustible. 


54.  Pounds  coasumed  in  producer  per  electrical  horsepower  avail- 

able for  outside  purposes ' 

55.  Pounds  consumed  in  producer  per  electrical  horsepower  devel-  ' 

oped  at  switch  board i 

56.  Pounds  consumed  in  producer  per  brake  horsepower  a  available  | 

for  outside  purposes 


I 


57.  Pounds  consumed  in  producer  per  brake  horsepower  a  developed 

at  engine 

58.  Equivalent  pounds  used  hj  producer  plant  per  electrical  horse- 

power available  for  out^iae  purposes 


59.  Equivalent  pounds  used  by  producer  plant  per  electrical  horse- 
en  " 


power  developed  at  switch  board. 


60.  Equivalent  pounds  used  b}r  producer  plant  per  brake  horse- 
power a  available  for  outside  purpose 


61.  Equivalent  pounds  used  by  producer  plant  per  brake  horse- 
power a  developed  at  engine 


3.67 
3.42 
3.13 
2.91 
4.07 
3.80 
3.47 
2.23 


2.22 
2.07 
1.89 
1.76 
2.46 
2.29 
2  09 
1.95 


1.99 
1.86 
1.69 
1.58 
2.20 
2.05 
1.88 
1.74 


o  Based  on  an  assumed  efficiency  of  85  per  cent  for  generator  and  belt. 


AVERAGE  COMPOSITION  OF  COAL  AND  QA8. 


62.  Coal:  Percent. 

Moisture 39.  56 

Volatile  matter 27.  78 

Fixed  carbon 26. 30 

Ash 6.36 


Sulphur. 


100.00 
.93 


63.  Gas  by  volume :  Per  cent. 

Carbon  dioxide  (COj) 8. 69 

Oxygen(Oj) 23 

Carbon  monoxide  (CO) 20. 90 

Hydrogen  (H,) 14.  33 

Methane  (CH^) 4. 85 

Nitrogen  (N ,) 51 .  00 

100.00 


The  test  was  begun  on  full  load,  but  owing  to  the  difficulties  encountered  in 
a  previous  test  of  a  lignite  it  was  deemed  wise  to  reduce  the  load.  This  was  done 
after  the  first  hour  of  the  run,  and  the  first  hour  has,  consequently,  been  thrown 
out  in  making  up  the  report  of  the  test.  The  producer  behaved  so  well  that  it  is 
probable  that  full  load  might  have  been  carried  for  the  entire  test  without  difficulty. 
However,  as  the  test  was  well  under  way  before  this  point  was  fully  settled,  it  was 
decided  to  carry  the  run  through  on  two-thirds  load. 
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OPEBATIONS   OF   THE   COAL-TESTING   PLANT. 


North  Dakota  No.  2  is  a  brown  lignite.  It  is  an  ideal  gas-producer  fuel  but 
for  its  tendency  to  clinker.  It  yielded  a  rich  gas,  which  was  very  uniform  through- 
out the  test.  Fifty  gallons  of  tar  were  extracted.  This  tar  was  yellow  and  sticky 
and  not  at  all  like  that  from  bituminous  coal.  The  bed  had  to  be  carried  deeper 
than  for  soft  coal  and  had  to  be  poked  frequently  to  prevent  the  formation  of 
clinkers.     After  thirty  hours'  continuous  run  the  bed  was  in  good  condition,  and 


Rlirbt  cylinder.    M.  E.  P.,  38;  Max.,  tlS;  ReL.  16;  I.  H.  P..  M.4. 


Center  cylinder.    M.  E.  P.,  41 ;  Max.,  SIO;  Rel.,  SI;  I.  H.  P.,  tt.S. 


Left  cylinder.    M.  E.  P., »;  Max.,  190;  KeL,  1«;  I.  H.  P.,  «0.4. 


Indicator  diagrams  taken  November  14, 1904,  during  gas-engine  test  No.  10  on  North  Dakota  No.  2  lignite.    Scale  of  spring, 

80;  revolutions  per  minute,  202. 

the  test  could  have  been  continued  or  a  new  run  begun  without  renewing  the  pro- 
ducer bed.  The  heat  value  of  the  gas  (188.5  B.  T.  U.)  was  higher  than  that  from 
any  other  fuel  tested. 

A  little  difficulty  was  experienced  with  the  ignition  setting  of  the  engine,  as 
this  gas  required  a  later  spark  than  the  gas  from  an  ordinary  coal. 

The  values  for  items  7,  8,  and  9  were  computed  by  comparison  with  the  values 
obtained  by  the  boiler  division  of  the  testing  plant  from  ''North  Dakota  No.  1.'' 


PR0DUCER-GA8  TESTS.                          •  1201 
GAS    ENGINE. 

Following  are  results  of  tests  by  gas  engine: 

Report  of  gaa-en/gine  test  No.  10. 

Recorded  by  R.  W.  Cummings  and  W.  C.  Weidmann,  November  14, 15, 1904. 
Producer  test  No.  10. 

Coal :  General  number,  North  Dakota  No.  2;  special  number,  G.  P.  10.    Car  initials  and  number. Great  North- 
em  9902. 

Duration  of  test,  in  houro 30 

Revolutions  per  minute  (mean) 201.  7 

Explosions  per  minute  (mean) 100. 8 

Cubic  feet  gas  per  hour,  by  meter 11, 454 

Cubic  feet  standard  gas  per  hour  (i.  e.,  62°  F.,  14.7  pounds  pressure) 11, 529 

Maximum  pressure: 

First  cylinder 201 

Second  cylinder 204 

Third  cylinder 200. 5 

Pressure  at  release : 

First  cylinder 18. 8 

Second  cylinder 23. 3 

Third  cylinder 19. 8 

Mean  effective  pressure : 

First  cylinder 40.  4 

Second  cylinder 43 

Third  cylinder 38. 16 

Indicated  horsepower: 

First  cylinder 64. 37 

Second  cylinder 68. 1 

Third  cylinder 60. 6 

Total  indicated  horsepower 193 

Horsepower  delivered  (electrical  horsepower) 134. 2 

Mechanical  efficiency  (engine  and  generator  combined) per  cent. .  69.  6 

Cubic  feet  standard  gas  per  hour  per  indicated  horsepower 59. 7 

Cubic  feet  standard  gas  per  hour  per  electrical  horsepower 86. 9 

TEXAS  No.  I. 

GENERAL   RESULTS. 

The  general  results  of  tests  of  Texas  No.  1  coal  are  tabulated  as  follows 
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OPERATIONS   OF   THE   COAL-TESTING   PLANT. 
GAS  ANALYSES. 


Time. 


9.55a.  m.  a... 
12.05  p.m.... 

1  p.  m 

2  p.  m 

3  p.  m 

4  p.  m 

op.  m 

6  p.  m 

7p.  m 

8.20  p.  m 

9  p.  m 

lOp.m 

11  p.  m 

12  p.  m 

la.m.^ 

2  a.  m 

3  a.  m 

4  a.  m 

5  a.  m 

6  a.  m 

7  a.  m 

8  a.  m 

9  a.  m 

10  a.  m 

11  a.  m 

12m 

1  p.  m 

2  p.  m 

3  p.  m 


COi. 


Oi. 


7.4 

8.6 

8.4 

7.4 

9.2 

9.4 

9.8 

10.4 

9.6 

9.6 

9.6 

9.8 

9.8 

11.0 

10.6 

11.6 

11.4 

11.4 

11.4 

11.4 

11.8 

12.0 

11.0 

11.8  ' 

12.0 

11.4 

12.6 

12.0  I 

11.8 


0.0 

.0 

.2 

.6 

.4 

.0 

.2 

.0 

.2 

.0  I 
1,0  I 

.2  j 

.4 

I 

.2  1 
.0 

.4  I 
.2 
.4 
.4  , 

.2  ; 

.0 
.0 
.0 
.2 

.0  ; 
.0 

.Oi 

.4  ! 


CO. 


21.6 

20.4 

19.4 

18.6 

16.6 

17.6 

18.4 

16.0 

16.8 

13.8 

13.6 

15.4 

17.0 

15.8 

16.0 

14.8 

16.0 

14.2 

14.6 

14.8 

13.4 

13.8  ! 

12.4 

12.0 

13.0 

13.8 

12.6 

14.2 

13.4 


Hf. 

10.9 

11.7 

9.0 

7.5 

4.4 

11.5 

12.0 

9.5 

4.5 

9.5 

8.2 

11.4 

12.3 

11.6 

12.3 

8.2 

13.3 

12.0 

8.8 

11.2 

11.3 

13.0 

11.3 

10.4 

8.4  , 

9.9  I 

12.3 

11.5 

10.7 


CH4. 

4.0 
4.6 
5.4 
8.6 
8.9 
5.1 
6.6 
8.3 

4.2  I 

8.3  ' 
8.2 
6.6 
6.4 
5.8 
7.0 
8.2 
6.9 
6.0 
7.6 
7.0 
8.3 
6.5 
9.0 
9.1 
9.0 
9.0 
7.8 
7.7 
7.7 


N. 

56.1 

54.7 

57.6 

57.3 

60.5 

56.4 

53.0 

55.2 

64.7  ! 

58.8 

59.4 

56.2 

54.3 

55.4 

53.9 

57.2 

52.0 

56.2 

57.2 

55.2 

55.0 

54.7 

56.3 

56,7  I 

57.4 

55.9  I 

54.7  I 

54.6  I 

56.0  ' 


Total. 


100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0  I 

100.0 

100.0  I 

100.0  I 

100.0  I 

100.0  I 

100.0  \ 

100.0 

100.0 

100.0 

100.0 

100.0 


B.  T.  U. 

156.6 
161.0 
185.4 
172.6 
168.0 
155.8 
176.2 
174.3 
119.0 
169.6 
163.3 
163.7 
170.3 
157.3 
173.2 
167.5 
178.6 
155.2 
162.  5 
165.2 
174.5 
162.6 
178.5 
175.0 
170.5 
178.5 
169.8 
171.6 
166.0 


o  Novemljer  21. 


f>  November  22. 


Producer-gas  test  No.  11  fl  Texas  No.  1  coal. 
[Recorded  by  C.  W.  Weidmann  and  R.  W.  Cummings,  November  21,  22, 1904.1 
1.  Duration  of  test,  in  hours 

AVERAGE  TEMPERATURE,  «  F. 


B.  T.  U. 
standard- 
ized. 


155.8 

164.  3 
189.  3 
176.7 
171.7 
159.3 
179.2 
176.  5 
121.5 
171.7 
165. 3 

165.  7 
172.4 
159.4 
175.2 
169.3 
180.3 
156.8 
164.1 
166.6 
176.0 
163.7 
180.8 
179.9 
176.2 
184.8 
176.5 
178.5 
172.8 


21.67 


2.  Gas  leaving  producer 

3-6.  (See  footnote  on  p.  1027.) 


a  Qas-producer  hopper  leaked. 
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1210  OPERATIONS   OF   THE   COAL-TESTING  PLANT. 

OUTSIDE  POWER  CHABQKD  AQAIKST  PRODUCER  PLANT. 

9.  Equivalent  in  pounds  of  coal  per  hour 70 

10.  Equivalent  in  pounds  of  dry  coal  per  hour 46. 5 

11.  Equivalent  in  pounds  of  combustible  per  hour 39. 3 

12.  Average  horsepower  required  to  drive  auxiliaiy  machineiy 11 

13.  Total  water  used  in  scrubber  and  tar  extractor cubic  feet. .  3, 320. 9 

14.  Cubic  feet  of  water  per  hour  per  horsepower  of  producer  plant .  614 

15.  Cubic  feet  of  water  per  1,000  cubic  feet  of  gas  produced 9. 14 

COAL  CONSUMED  IN  PRODUCER. 

16.  Total  coal  consumed pounds. .  12, 800 

17.  Moisture  in  coal per  cont. .  33. 50 

18.  Total  dry  coal  consumed pounds. .  8, 510 

19.  Refuse  from  dry  coal per  r«nt. .  16. 58 

20.  Total  refuse  from  coal pounds. .  1, 327 

21.  Total  combustible  consumed do 7, 183 

COAL  PER  HOX7R. 

22.  Coal  consumed  in  producer pounds. .  500 

23.  Dry  coal  consumed  in  producer do 393 

24.  Combustible  consiuned  in  producer ^ do 332 

25.  Equivalent  coal  used  by  producer  plant , do 660 

26.  Equivalent  dry  coal  used  by  producer  plant do 439. 5 

27.  Equivalent  combustible  used  by  producer  plant do. . .  -  371. 3 

COAL  CONSUMED  PER  SQUARE  FOOT  OF  FUEL  BED  PER  HOUR. 

28.  Coal  as  fired pounds..  15.36 

29.  Dry  coal do 10.22 

30.  Combustible do 8.64 

BRITISH  THERMAL  UNITS  FROM  COAL. 

31.  Per  pound  of  coal  as  fired 7, 267 

32.  Per  pound  of  dry  coal 10,928 

33.  Per  pound  of  combustible 12, 945 

34.  From  coal  as  fired,  per  hour 4, 295, 000 

35.  From  dry  coal ,  per  hour 4, 295, 000 

36.  From  combustible,  per  hour 4, 295, 000 

GAS  PRODUCED,  CUBIC  FEET. 

[Qas  at  62^  F.  and  14.7  pounds  pressure.] 

37.  Total 363,654 

38.  Per  hour 16, 800 

39.  Per  pound  coal  consumed  in  producer 28. 4 

40.  Per  pound  dry  c>oal  consumed  in  producer 42. 7 

41.  Per  pound  combustible  consumed  in  producer 50. 6 

42.  Per  pound  equivalent  coal  used  by  producer  plant 25. 5 

43.  Per  pound  equivalent  dry  coal  used  by  producer  plant , 38. 2 

44.  Per  pound  equivalent  combustible  used  by  producer  plant 45. 3 
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BRITISH  THZBMAL  UNITS  FBOU  8TANDABD  OA8. 

45.  Per  cubic  foot 

46.  Per  pound  dry  coal  burned  in  producer 

47.  Per  hour  per  brake  horsepower 


ATEBAQE  HORSEPOWER  DEVELOPED. 


48.  Electrical  horsepower  available  for  outside  purposes. 

49.  Electrical  horsepower  developed  at  switch  board 

50.  Brake  horsepower  available  for  outside  purposes 

51.  Brake  horsepower  developed  at  engine 


EFFICIENCIES. 


52.  Of  conversion  and  cleaning  gas . 

53.  Of  producer  plant 


169.7 

7,260 

2,230 

187 

198 

220 

233 

.664 

.590 

COAL  PER  HORSEPOWER  PER  HOUR. 


Coal  as  fired. 


54.  Pounds  consumed  in  producer  per  electrical  horaepower  avail-  i 
able  for  outside  purposes 


55.  Pounds  consumed  in  producer  per  electrical  horsepower  devel- 

oped at  switch  board 

56.  Pounds  consumed  in  producer  per  brake  horsepower  a  available 

for  outside  purposes 


57.  Pounds  consumed  in  producer  per  brake  horsepower  a  devel- 
oped at  engine 


58.  Equivalent  pounds  used  by  producer  plant  per  electrical  horse- 
lide 


power  available  for  outside  purposes . 

Iquivalent  pounds  used  by  producer 
power  developed  at  8¥ritcn  board . 


59.  Equivalent  pounds  used  by  producer  plant  per  electrical  horse- 
"  en  " 


60.  Equivalent  pounds  used  by  producer  plant  per  brake  horse- 

power a  available  for  outside  purposes 

61.  Equivalent  pounds  used  by  producer  plant  per  brake  horae- 

power o  developed  at  engine 


3.16 
2.98 
2.68 
2.54 
3.53 
3.34 
3.00 
2.83 


Dry  coal. 


2.10 
1.99 
1.79 
1.69 
2.35 
2.22 
2.00 
1.89 


Combustible. 

1.78 
1.68 
1.51 
1.43 
1.99 
1.88 
1.69 
1.60 


a  Baaed  on  an  assumed  efficiency  of  85  per  cent  for  generator  and  belt. 

AVERAGE  COMPOSITION  OF  COAL  AND  0A8. 


62.  Coal: 


Percent.  I  63.  Gas  by  volume: 


Moisture 33. 50 

Volatile  matter 32. 34 

Fixed  carbon 23. 80 

Ash 10.36 


Sulphur. 


100.00 
.63 


Per  cent. 

Carbon  dioxide  (OOj) .     11. 10 

Oxygen  (Oj) 22 

Carbon  monoxide  (CO) 14. 43 

Hydrogen  (Hj^ 10.54 

Methane  (CH4) 7.48 

Nitrogen  (Nj) 56.23 


100.00 
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OPERATIONS   OF   THE   COAL-TESTING   PLANT. 


There  seemed  to  be  Bome  difficulty  in  getting  the  proper  ignition  setting. 
Although  full  load  was  carried  for  a  few  hours,  it  had  to  be  reduced  at  2.50  p.  m. 
for  a  little  over  three  hours.  At  6  p.  m.  full  load  was  resumed  and  with  the  excep- 
tion of  a  few  minutes  this  load  was  easily  carried  to  the  end  of  the  test.  The  report 
is  based  on  the  records  obtained  between  6.10  p.  m.  November  21  and  3.50  p.  in. 
November  22,  a  run  of  21.67  hours. 

Texas  No.  1  is  a  brown  lignite  strongly  resembling  that  previously  tested 
from  North  Dakota.     The  gas  from  it  was  not  so  rich  as  that  from  the  North  Dakota 


Right  cylinder.   M.  E.  P.,  44;  Max.,  840;  Rel..  U;  I.  H.  P.,  W.fi. 


Center  cylinder.    H.  E.  P..  6»;  Max..  180;  Rel.,  8?;  I.  H.  P.,  M,9. 


Left  cylinder.    M.  E.  P.,  eS}  Max.,  176;  R«L,  90;  L  H.  P^  M.S 


Indicator  diagrams  taken  November  21.  1904,   during  gas-engine  test  No.  11,  on  Texas  No.  1  coal.     Revolutions  per 

minute,  200.7. 

lignite,  but  it  was  higher  in  heat  units  than  is  the  gas  obtained  from  ordinary  soft 
coal.  The  lignite  was  more  difficult  to  handle  in  the  producer  than  bituminous 
coal,  but  by  frequent  poking  and  by  supplying  the  right  amount  of  air  to  the  pro- 
ducer the  bed  was  kept  in  good  condition,  and  at  the  end  of  the  thirty-hour  test  it 
was  possible  to  break  up  the  clinkers  in  the  bed,  requiring  the  removal  of  only  a 
small  amount  of  ash  before  beginning  a  new  test.  This  lignite  yielded  a  large 
amount  (150  gallons)  of  tar  of  the  same  kind  as  the  lignite  previously  tested  from 
North  Dakota.  As  a  producer  fuel  it  is  better  than  many  grades  of  bituminous 
coal. 


PRODUCER-GAS  TESTS. 
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Eleven  per  cent  of  the  lignite  fired  was  taken  for  the  value  of  item  9. 

Two  sets  of  indicator  cards  are  shown.  The  first  set  was  taken  during  the 
period  when  the  engine  was  carrying  reduced  load.  The  second  set  was  taken  on 
full  load. 

GAS    ENGINE. 

Following  are  results  of  tests  by  gas  engine: 

Report  of  gas-tnffine  teat  No.  11.  , 

Recorded  by  R.  W.  Cummings  and  W.  C.  Weidmann,  November  21,  22,  1904. 

Producer  test  No.  11. 

Coal:  General  number,  Texas  No.  1 :  special  number,  G.  P.  11.    Car  initials  and  number, Mo. Pac, 27288. 


Right  cyUnder.    M.  E.  P.,  61;  Max..  290;  ReL,  82;  I.  H.  P.,  M.8. 


Center  cylinder.    M.  E.  P..  60;  Max.,  SaO;  Rel..  34 ;  I.  H.  P.,  98.6.  Left  cylinder.    M.  £.  P.,  60;  Max.,  880;  Ret.,  80;  I.  H.  P.,  79.4. 

Indicator  diagrams  taken  Noveml^er  22,  1904,  during  gas-engine  t«at  No.  11,  on  Texas  No.  1  coal.    Revolutions  per 

minute,  201  5. 

Duration  of  test ,  in  hours 21 J 

Revolutions  per  minute  (mean) 201.  5 

Explosions  per  minute  (mean) 100.  7 

Cubic  feet  gas  per  hour,  by  meter 16, 940 

Cubic  feet  standard  gas  per  hour  (i.  e.,  62®  F.,  14.7  pounds  pressure) 16, 800 


1214  OPERATIONS   OF   THE   COAL-TESTING   PLANT. 

Maximum  pressure : 

First  cylinder '. 274 

Second  cylinder 253 

Third  cylinder 248.8 

Pressure  at  release : 

Firet  cylinder 27.  9 

Second  cylinder 30.  7 

TTiird  cylinder 27. 8 

Mean  effective  pressure : 

First  cylinder 66. 6 

Second  cylinder 58. 3 

Third  cylinder 55 

Indicated  horsepower: 

First  cylinder , 88.85 

Second  cylinder 92. 6 

Third  cylinder 87. 3 

Total  indicated  horsepower 268.  75 

Hoisepower  delivered  (electrical  horsepower) 198 

Mechanical  efficiency  (engine  and  generator  combined) per  cent. .  73. 7 

Cubic  feet  standard  gas  per  hour  per  indicated  horsepower 62.  6 

Cubic  feet  standard  gas  per  hour  per  electrical  horsepower 84. 8 

TEXAS  No.  a. 
GENERAL  RESULTS. 

The  general  results  of  tests  of  Texas  No.  2  coal  are  shown  in  the  following 
table: 
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Time. 


COi. 


Of 


CO. 


8.52  a.  m.a. 
11  a.  m 

I  p.  m 

3p.  m 

5p.  m 

7p.  m 

9  p.  m . . 

II  p.  m 

1.45  a.  m.ft. 

3  a.  m , 

5  a.  m 

7  a.  m 

0  a.  m 

11  a.  m 

1  p.  m 


9.0 

8.2 

9.2 

8.0 

9.4 

8.8 

8.8 

9.2 

10.0 

10.2 

11.0 

11.0 

11.6 

12.4 

10.8 


0.6 
.0 
.6 
.4 
.2 
.0 
.2  ! 
.6  t 
.2  1 

.0 : 

.0 
.2 
.2 
.0 
.2 


17.0 
18.4 
21.0 
21.6 
21.6 
21.0 
20.0 
19.2 
18.0 
17.4 
12.8 
12.4 
7.2 
9.6 
13.0 


Hs. 

CHi. 

10.4 

2.9 

8.6 

6.2 

9.2 

4.0 

5.9 

5.0 

10.0 

3.6 

11.0 

4.9 

7.9 

3.9 

5.7 

5,1 

14.0 

4.6 

13.9 

5.2 

8.5 

5.5 

9.8 

5.5 

5.8 

8.4 

1.8 

8.1 

18.6 

9.5 

N. 

60.1 
58.6 
56.0 
59.1 
55.2 
54.3 
59.2 
60.2 
53.2 
53.3 
52.2 
61.1 
66.8 
68.1 
47.9 


Total.    I     B.  T.  U. 


100.0     ; 

100.0  I 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

mo 

100.0  ] 
100.0  i 


136.4 
160.2 
156.0 
150.2 
148.6 
162.8 
136.6 
141.2 
160.5 
164.5 
132.8 
136.0 
134.8 
126.6 
174.3 


a  December  21. 


t>  DecemXiBT  22. 


Producer's  test  No.  18,  Texas  No.  2  coal. 
[Recorded  by  W.  C.  Weidmann,  Kurt  Toenafeldt,  and  R.  E.  Peshak,  December  21,  22, 1904.] 

1.  Duration  of  test,  in  hours 19. 33 

AVERAGE  TEM PERATUEE,  ^  F. 

2.  Gas  leaving  producer 559 

3-6.  (See  footnote  on  p.  1027.) 

OUTSIDE  POWER  CHARGED  AGAINST  PRODUCER  PLANT. 

7.  Total  steam  used  by  producer pounds. .  5, 020 

8.  Steam  used  by  producer  per  hour do 260 

9.  Equivalent  in  pounds  of  coal  per  hour •. . . .  51.  5 

10.  Equivalent  in  pounds  of  dry  coal  per  hour 34. 1 

11.  Equivalent  in  pounds  of  combustible  per  hour 30. 4 

12.  Average  horsepower  required  to  drive  auxiliary  m&chinery 11.6 

COAL  CONSUMED  IN  PRODUCER. 

16.  Total  coal  consumed pounds. .  9, 050 

17.  Moisture  in  coal per  cent. .  33. 71 

18.  Total  dry  coal  consumed pounds. .  5, 999 

19.  Refuse  from  dry  coal per  cent. .  10. 98 

20.  Total  refuse  from  coal pounds. .  658. 7 

21.  Total  combustible  consumed , do 5, 340. 3 
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COAL  PKB  HOUK. 

23.  Coal  consumed  in  producer pounds. 

23.  Dry  coal  consumed  in  producer do. . . 

24.  Combustible  consumed  in  producer do. . . 

25.  Equivalent  coal  used  by  producer  plant do. . . 

26.  Equivalent  dry  coal  used  by  producer  plant do. . . 

27.  Equivalent  combustible  used  by  producer  plant do. . . 

COAL  CONSUMED  PER  SQUARE  FOOT  OF  FUEL  BED  PER  HOUR. 

28.  Coal  as  fired pounds. 

29.  Dry  coal do... 

30.  Combustible do. . . 


408 

310.3 

276.2 

519.5 

344.4 

306.6 

12.20 

. 

8.07 

. 

7.18 

BRITISH  THERMAL  UNITS  FROM  COAL. 

31 .  Per  pound  of  coal  as  fired 7, 348 

32.  Per  pound  of  dry  coal 11,086 

33..  Per  pound  of  combustible 12^450 

34.  From  coal  as  fired,  per  hour 3, 440, 000 

35.  From  dry  coal,  per  hour 3,440,000 

36.  From  combustible,  per  hour 3, 439, 000 

GAS  PRODUCED,  CUBIC  FEET. 

[Qas  at  62°  F.  and  14.7  pounds  pressure. 

37.  Total 309,140 


38.  Per  hour 

39.  Per  pound  coal  consumed  in  producer 

40.  Per  pound  dry  coal  consumed  in  producer 

41.  Per  pound  combustible  consumed  in  producer 

42.  Per  pound  equivalent  coal  used  by  producer  plant 

43.  Per  pound  equivalent  dry  coal  used  by  producer  plant 

44.  Per  pound  equivalent  combustible  used  by  producer  plant . 


16,009 
34.2 
51.6 
57.9 
30.8 
46.4 
52.2 


BRITISH  THERMAL  UNITS  FROM  STANDARD  QAS. 


45.  Per  cubic  foot 

46.  Per  pound  dry  coal  burned  iii  producer. 

47.  Per  hour  per  brake  horsepower 


AVERAGE  HORSEPOWER  DEVELOPED. 

48.  Electrical  horsepower  available  for  outside  purposes 

49.  Electrical  horsepower  developed  at  switch  board 

50.  Brake  horsepower  available  for  outside  purposes 

51.  Brake  horsepower  developed  at  engine 


156.2 
8,060 
10,570 

189.6 
201.2 
233 
236.5 


EFFICIENCIES. 


52.  Of  conversion  and  cleaning  gas. 

53.  Of  producer  plant 


.727 
.650 
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COAL  PER  HOESKPOWSR  PER  HOUR. 


54. 
55. 
56. 
57. 

58. 


Pounds  consumed  in  produwr  per  electrical  horsepower  avail- 
able for  outside  pur(>osc8 


Pounds  consumed  in  producer  per  electrical  horsepower  devel- 
oped at  switch  board 


Pounds  consumed  in  producer  per  brake  horsepower  o  avail- 
able for  outside  purposes 


Pounds  consumed  in  producer  per  brake  horsepower  o  devel- 
oped at  engine 


Equivalent   pounds   used   by   producer  plant   per   electrical 
norsepower  available  for  outside  purposes 


tiorsepower  available  for  outside  purposes  . 

iuivalent  pounds  used  by  producer  j 
lorsppower  developed  at  switch  board . 


Equivalent   pounds   used  by   producer   plant   per   electrical 
n 


Equivalent  pounds  used  by  producer  plant  per  brako  horse- 
power o  available  for  outside  purposes 


61. 


Equivalent  pounds  used  by  producer  plant  per  brake  horse- 
power o  developed  at  engine 


Coal  as  flr«d. 

Dry  coal. 

CombiMtible. 

2.47 

1.64 

1.46 

2.33 

1.54 

1.37 

2.10 

1.39 

1.24 

L98 

L31 

L17 

2.74 

1.82 

1.62 

2.58 

1.71 

1.52 

2.33 

1.55 

1.38 

2.20 

L46 

L30 

•  Based  on  an  assumed  efficiency  of  85  per  cent  for  generator  and  belt. 


AVERAGE  COMPORITION  OF  (  OAL  AND  GAS. 


Coal:  Percent. 

Moisture 33.71 

Volatile  matter 29. 25 

Fixed  carbon 29. 76 

Ash 7.28 


Sulphur. 


100.00 
.53 


63.  Gas  by  volume:  Per  sent. 

Carbon  dioxide  (CX),) 9.60 

Oxygen(Oj) 20 

Carbon  monoxide  (CO) 18. 22 

Hydrogen  (Hj) 9.63 

Methane  (CH^) 4.81 

Nitrogen  (Nj) 57.54 


100.00 


PRODUCER-GAS  TESTS. 
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Test  No.  18  began  at  8.50  a  m.  December  21,  but  the  ignition  setting  of  the 
engine  was  found  to  be  faulty.  The  engine  was  shut  down  at  1.15  p.  m.  in  order 
to  make  the  necessary  change  in  this  ignition  setting.  The  portion  of  the  test 
covered  by  the  report  began  at  1.30  p.  m.  December  21  and  continued  to  8.30 
a.  m.  December  22  (19.33  hours),  after  which  time  the  load  carried  by  the  engine 
was  very  irregular. 

From  the  standpoint  of  the  producer  operator  "Texas  No.  2  is  a  brown  lignite 
that  gave  highly  satisfactory  results  in  the  producer,  yielding  a  rich  gas.  It  is  an 
excellent  fuel  for  producers." 


Rlffht  cylinder.    M.  E.  P.,  67 ;  Max..  SSO;  ReL,  90;  I.  H.  P.,  B1.4. 


Center  cyltnder.    If .  E.  P.,  58 ;  Max.,  900;  ReL,  88;  I.  H.  P.,  OS. . 


Left  cylinder.    M.  E.  P.,  M;  Max.,  100;  Rel..  98 ;  I.  H.  P..  89.4. 


Indicator  diagrams  taken  December  21,  1904,  during  gas-engtne  test  No.  18,,  on  Texas  No.  2  coal.    Revolutions  per 

minute,  203.6.  « 

From  the  standpoint  of  the  engine  operator  "this  would  have  been  a  good 
test  if  the  time  of  the  spark  could  have  been  shifted  to  meet  the  changes  in  the 
gas.     The  indicator  cards  from  this  run  show  these  changes  very  distinctly." 

Sixty  gallons  of  yellow  tar  resulted  from  this  run. 


1226  OPERATIONS   OF   THE   COAL-TESTING  PLANT, 

OAS   ENGINE. 

Following  are  results  of  tests  by  gas  engine: 

Report  of  gtu-engine  teat  No,  18, 

Hecorded  by  K.  Toensfeldt  and  W.  C.  Weidmann,  Deoember  21,  22,  1904. 
Producer  test  No.  18. 

Coal:  General    number,  Texas   No.  2;  special  number,  G.  P.  18.    Car  initials  and   number,  St.  L.,  I.  U. 
and  S.  12579. 

Duration  of  test,  in  hours. 19J 

Revolutions  per  minute  (mean) 201. 6 

Explosions  per  minute  (mean) 100. 8 

Cubic  feet  gas  per  hour,  by  meter 16, 190 

Cubic  feet  standard  gas  per  hour  (i.  e.,  62**  F.,  14.7  pounds  pressure) 15, 990 

Maximum  pressure: 

First  cylinder 241 

Second  cylinder 271 

Third  cylinder 255 

Pressure  at  release: 

First  cylinder . .  •. 31 

Second  cylinder 28. 3 

Third  cylinder 26 

Mean  effective  pressure: 

First  cylinder 61 

Second  cylinder 58. 2 

Third  cylinder 52.8 

Indicated  horsepower: 

First  cylinder 96. 7 

Second  cylinder 92. 46 

Third  cylinder 83. 75 

Total  indicated  horsepower 272. 91 

Horsepower  delivered  (electrical  horsepower) 201. 2 

Mechanical  eflBciency  (engine  and  generator  combined) per  cent. .  73.  7 

Cubic  feet  standard  gas  per  hour  per  indicated  horsepower 58. 6 

Cubic  feet  standard  gas  per  hour  per  electrical  horsepower 79.  5 

WEST  VIRGINIA  No.  x. 
GENERAL   RESULTS. 

The  general  results  of  tests  of  West  Virginia  No.  1  coal  are  tabulated  as 
follows: 
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OPERATIONS   OP   THE   COAL-TESTING   PLANT. 
GAS  ANALYSES. 


Time. 


COi. 


12.40  p.  m.a 9. 8 

2.20p.  m 12.2 

4.20p.m 11.8 

6.20p.m 11.0 


Oi. 


8.20  p.m.... 
10.20  p.  m... 
12.20  a.  m.ft  . 

2.10  a.  m 

4.10  a.m.... 

6.10  a.  m 

8.10  a.  m 

10.10  a.  m. . . 


9.8 
10.4 
11.2 
12.0 
11.8 
11.2 
8.0 
10.0 

12.10p.m 10.2 

2.10p.ra.c 10.4 

4.10p.ra 10.6 


0.0 
.4 
.2 
.2 
.2 
.2 
.3 
.0 
.0 
.2 
.2 
.0 
.0 
.2 
.1 


CO. 


16.7 
11.4 
14.0 
14.4 
16.8 
15.4 
14.1 
13.6 
14.0 
14.2 
14.2 
15.0 
13.8 
14.5 
15.3 


H,. 

CH«. 

4.2 

2.8 

6.3 

1.2 

1.1 

2.8 

7.0 

5.8 

3.4 

4.0 

1.8 

3.6 

2.3 

4.0 

3.2 

4.7 

7.1 

2.9 

7.7 

2.4 

.0 

5.6 

2.7 

6.0 

.0 

6.0 

.0 

13.3 

15.7 

4.7 

N. 


Total. 


B.  T.  U. 


66.5 

100.0 

102.7 

68.5 

100.0 

74.5 

70.1 

100.0 

82.5 

61.6 

100.0 

,    136.3 

65.8 

100.0 

113.1 

68.6 

100.0 

98.4 

68.1 

100.0 

99.8 

66.5 

100.0 

108.7 

64.2 

100.0 

104.5 

64.3 

100.0 

101.9 

72.0 

100.0 

109.2 

66.3 

100.0 

125.6 

70.0 

100.0 

112.1 

61.6 

100.0 

192.2 

53.6 

100.0 

158.1 

a  October  17. 


ft  October  18. 


e  Oas  analysis  thrown  out. 


Prodneer-gas  teH  No.  3^  West  Virginia  No.  1  eoal. 
[Recorded  by  M.  H.  Mount  and  R.  E.  Peshak,  October  17,  18, 1904.] 

1 .  Duration  of  test,  in  hours 

AVERAGE  TEMPERATURE,   °  F. 

2.  Gas  leaving  producer 

3-6.  (See  footnote  on  p.  1027.) 

OUTSIDE  POWER  CHARGED  AGAINST  PRODUCER  PLANT.  | 

7.  Total  steam  used  by  producer , pounds. 

8.  Steam  used  by  producer  per  hour do. . . 

9.  Equivalent  in  pounds  of  coal  per  hour 

10.  Equivalent  in  pounds  of  dry  coal  per  hour 

11 .  Equivalent  in  pounds  of  combustible  per  hour 

12.  Average  horsepower  required  to  drive  auxiliary  machinery 

13.  Total  water  used  in  scrubber  and  tar  extractor cubic  feet. 

14.  Cubic  feet  of  water  per  hour  per  horsepower  of  producer  plant 

15.  Cubic  feet  of  water  per  1,000  cubic  feet  of  gas  produced 


COAL  CONSUMED  IN   PRODUCER. 

16.  Total  coal  consumed ptnmds. 

17.  Moisture  in  coal per  cent. 

18.  Total  dry  coal  consumed pounds. 

10.  Refuse  from  dry  coal per  cent. 

20.  Total  refuse  from  coal pounds. 

21.  Total  combustible  consumed do. . . 


24 


768 


5,900 
246 
33.1 
32.6 
30.6 
10.3 
3,623 

.605 
8.3 

6  900 

1.61 
6,790 

6.24 
423.5 
6,366.5 


PRODUCER-GAS   TESTS. 
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OPERATIONS   OP   THE   COAL-TESTING  PLANT. 

GAS  ANALYSES. 


Time. 


CO,. 


12.40p.m.o '  9.8 

2.20p.m 12.2 

4.20p.m I  11.8 

6.20p.m I  11.0 

8.20  p.  m j  9.8 

10.20p.m I  10.4 


12.20  a.  m.b  . 

2,10  a.  m 

4.10  a.  m 

6.10  a.  m 

8.10  a.  m 

10.10  a.  m. . . 
12.10  p.m... 


0«. 


11.2 
12.0  ' 
11.8  I 
11.2 
8.0  ; 
10.0  I 
10.2  ! 


2.10p.m.c 10.4 

4.10p.  m 10.6 


0.0 
.4 
.2 
.2 
.2 
.2 
.3 
.0 
.0 
.2 
.2 
.0 
.0 
.2 
.1 


CO. 


16.7 
11.4 
14.0 
14.4 
16.8 
15.4 
14.1 
13.6 
14.0 
14.2 
14.2 
15.0 
13.8 
14.5 
15.3 


H,. 


4.2 

6.3 

1.1 

7.0 

3.4 

1.8 

2.3 

3.2 

7.1 

7.7 

.0 

2.7 

.0 

.0 

15.7 


CH*. 


2.8 
1.2 
2.8 
5.8 
4.0 
3.6 
4.0 
4.7 
2.9 
2.4 
5.6 
6.0 
6.0 
13.3 
4.7 


N. 


Total. 


B.  T.  U. 


66.5 
68.5 
70.1 
61.6 
65.8 
68.6 

68.1  I 
66.5  I 

64.2  ! 

64.3  I 
72.0  i 
66.3 
70.0 
61.6 
53.6 


100.0 
100.0 
100.0 
100.0 
100.0 
100,0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 


102.7 

74.5 

82.5 

136.3 

113.1 

98.4 

99.8 

108.7 

104.5 

101.9 

109.2 

125.6 

112.1 

192.2 

158.1 


a  October  17.  b  October  18.  «  Oas  analysis  thrown  out. 

Prodncer-gas  test  No.  «■?,  West  Vir^nia  No,  1  coal. 
[Recorded  by  M.  H.  Mount  and  R.  E.  Peshak,  October  17,  18, 1904.] 

1 .  Duration  of  test,  in  liours 

AVERAGE  TEMPERATURE,   °  F. 

2.  Gas  leaving  producer 

3-6.  (See  footnote  on  p.  1027.) 

OUTSIDE  POWER  CHARGED  AGAINST  PRODUCER  PLANT.  » 

7.  Total  steam  used  by  producer pounds. . 

8.  Steam  used  by  producer  per  hour do 

9.  Equivalent  in  pounds  of  coal  per  hour 

10.  Equivalent  in  pounds  of  dry  coal  per  hour 

11 .  Equivalent  in  pounds  of  combustible  per  hour 

12.  Average  horsepower  required  to  drive  auxiliary  machinery 

13.  Total  water  used  in  scrubber  and  tar  extractor cubic  feet. . 

14.  Cubic  feet  of  water  per  hour  per  horsepower  of  producer  plant 

15.  Cubic  feet  of  water  per  1 ,000  cubic  feet  of  gas  produced 


24 


768 


COAL  CONSUMED  IN  PRODUCER. 

16.  Total  coal  consumed pounds. 

17.  Moisture  in  coal per  cent. 

18.  Total  dry  coal  consumed pounds. 

19.  Refuse  from  dry  coal per  cent. 

20.  Total  refuse  from  coal pounds. 

21.  Total  combustible  consumed do. . . 


5,900 

246 

33.1 

32.6 

30.6 

10.3 

3,623 

.605 

8.3 

6.900 

1.61 

6,790 

6.24 

423.5 

6,366.5 

PBODUCEB-aAS  TESTS. 
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COAL  PER  H0X7B. 

22.  Coal  consumed  in  producer pounds. 

23.  Dry  coal  consumed  in  producer do. . . 

•24.  Combustible  consumed  in  producer do. . . 

25.  Equivalent  coal  used  by  producer  plant do. . . 

26.  Equivalent  diy  coal  used  by  producer  plant do. . . 

27.  Equivalent  combustible  used  by  producer  plant do. . . 

COAL  CONSUMED  FEB  SQVAKE  FOOT  OF  FUEL  BED  PER  HOUR. 

28.  Coal  as  fired pounds. 

29.  Dry  coal do. . . 

30.  Combustible do. . . 


287.5 

283 

265.5 

320.6 

315.6 

296.1 


7.47 
7.36 

6.91 


BBmSH  THERMAL  UNITS  FROM  COAL. 

31.  Per  pound  of  coal  as  fired 14, 166 

32.  Per  pound  of  dry  coal 14, 396 

33.  Per  pound  of  combustible 15, 350 

34.  From  coal  as  fired,  per  hour 4, 075, 000 

35.  From  dry  coal,  per  hour 4,075,000 

36.  From  combustible,  per  hour 4, 075, 000 

GAS  PRODUCED,  CUBIC  FEET. 

rOas  at  62^  F.  and  14.7  pounds  pressure.] 

37.  Total 435,500 

18,150 

63.2 

64.1 

68.4 

56.6 

57.5 

61.3 


38.  Per  hour 

39.  Per  pound  coal  consumed  in  producer 

40.  Per  pound  dry  coal  con.<mmed  in  producer 

41.  Per  pound  combustible  consumed  in  producer 

42.  Per  pound  equivalent  coal  used  by  producer  plant 

43.  Per  pound  equivalent  dry  coal  used  by  producer  plant 

44.  Per  pound  equivalent  combustible  used  by  producer  plant. 


PRITISH  THERMAL  UNITS  FROM  STANDARD  OAS. 

45.  Per  cubic  foot 

46.  Per  pound  dry  coal  burned  in  producer 

47.  Per  hour  per  brake  horsepower 


AVERAGE  HORSEPOWER  DEVELOPED. 


48.  Electrical  horsepower  available  for  outside  purposes. 

49.  Electrical  horsepower  developed  at  switch  board 

50.  Brake  horsepower  available  for  outside  purposes 

51.  Brake  horsepower  developed  at  engine 


144.4 
9,260 
11,130 

190.1 
200.4 
223  8 
235.5 


EFFICIENCIES. 


52.  Of  conversion  and  cleaning  gas 

53.  Of  producer  plant 

1403— No.  48,  pt  3—06 17 


.643 
.674 
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OPERATIONS   OF   THE   COAL-TESTING   PLANT. 

COAL  PER  HORSEPOWZR  PER  HOUR. 


I  Coal  as  fired.         Dry  coal. 


54.  Pounds  consumed  in  producer  per  electrical  horsepower  avail- 
able for  outside  purposes 


65.  Pounds  consumed  in  producer  per  electrical  horsepower  devel- 
oped at  switch  board 

56.  Pounds  consumed  in  producer  per  brake  horsepower''  avail- 

able for  outside  purposes 

57.  Pounds  con8n\ed  in  producer  per  brake  horsepower «  devel- 

oped at  engine 

58.  Equivalent  pK)unds  used  by  producer  plant  per  electrical  horse- 

power available  for  outside  purposes 


9.  Equivalent  pounds  used  by  producer  plant  per  electrical  horse- 
*      •        ■  chl 


power  developed  at  switch  board. 

equivalent  pounds  used  by  produce 
power  a  available  for  outside  purposes . 


60.  Equivalent  pounds  used  by  producer  plant  per  brake  horse- 

ddo 


61.  Equivalent  pounds  used  by  producer  plant  per  brake  horse- 
power a  developed  at  engine 


1.51 
1.43 
1.29 
1.22 
1.69 
1.60 
1.43 
1.36 


Combustible. 


1.49 
1.11 
1.27 
1.20 
1.66  I 
1.57, 
1.41  ' 
1.34  I 


1.40 
1.33 
1  19 
1.13 
1.56 
1.48 
1.33 
1.26 


a  Based  on  an  assumed  efficiency  of  85  per  cent  tor  generator  and  l^lt. 

AVERAGE  COMPOSITION  OF  COAL  AND  OAS. 


62.  Coal: 


Per  cent,  i  63.  Gas  by  volume  : 


Per  cent. 


Moisture 1 .  61 

Volatile  matter 36. 85 

Fixed  carbon 55. 40 

Ash 6.14 


100.00 


Sulphur. 


.87 


Carbon  dioxide  (COj) 10. 50 

Oxygen  (O2) 10 

Carbon  monoxide  (CO) 14. 34 

Hydrogen  (H2) 2.81 

Methane  (CHJ 5.56 

Nitrogen  (Nj) 66. 69 

100.00 


PRODUCER-GAS  TESTS. 
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During  the  early  part  of  this  test  some  diflBculty  was  encountered  in  the 
manipulation  of  the  producer.  The  gas  production  and  the  corresponding  load 
carried  by  the  engine  varied  so  greatly  that  the  first  six  hours  of  the  test  were 
regarded  as  ''prehminary"  only  and  were  thrown  out  in  the  calculations  of  the 
report.  The  report  is,  therefore,  calculated  on  the  basis  of  a  24-hour  run,  from 
6.30  p.  m.  October  17  to  6.30  p.  m.  October  18. 

The  report  of  the  gas-producer  operator  is  as  follows: 

Previous  to  starting  the  test  on  this  coal  the  tar  extractor  was  removed 
and  a  new  one  substituted.     As  it  was  necessary  to  take  the  producer  of>erator 


Rlgrtat  oyHnder.    M.  E.  P.,  M;  Max.,  290;  Rel., »;  I.  H.  P.,  M.& 


Center  oyllnder.    M.  E.  P.,  66;  Max.,  848:  Rel.,  38;  I.  H.  P.,  l<R.t. 


Left  cylinder.    M.  E.  P.,  64;  Max..  944);  Rel.,  SS;  I.  H.  P.,  W.6. 


Indicator  dJUignuns  taken  October  17, 1904,  during  gas-engine  test  No.  3,  on  West  Virginia  No  i  i-ual.    Scale  of  spring,  m; 

revolutions  per  minute,  197.4. 

from  his  work  to  assist  in  placing  the  new  extractor,  the  producer  did  not  receive 
any  attention  for  a  few  days  and  was  in  bad  condition  when  the  test  was  started. 
It  was  thought  best  to  see  if  the  producer  could  be  made  to  carry  full  load  and 
build  up  its  bed  into  good  running  condition  at  the  same  time.  The  load  was 
carried  and  the  producer  was  in  good  shape  for  the  official  test  six  hours  after 
being  put  into  operation. 


1238 


OPERATIONS   OF   THE   COAL-TESTING   PLANT. 


Two  sets  of  indicator  cards  are  shown.  The  first  set  was  taken  during  the 
early  part  of  the  test  and  the  second  set  was  taken  during  the  latter  part.  The 
ignition  setting  was  the  same  throughout  the  test.  The  cards  show  clearly  the 
difference  in  the  rate  of  flame  propagation  due  to  variations  in  the  gas  compo- 


Right cjlinder.    M. E.  P.,  60;  Max..  tli;  Rel..  90:  I.  H.  P.,  se. 


Center  cylinder.    M.  E.  P.,  fH  -.  Max..  8M;  Rel.,  90;  I.  H.  P..  90.2. 


Left  cylinder.    M.  £.  P..  61 ;  Max.,  196;  Rel..  SO;  1.  H.  P..  96.6. 


Indicator  diagrams  taken  October  18, 1904,  during  gas-engine  test  No.  3,  on  West  Virginia  No.  1  coal.    Scale  of  spring,  80; 

revolutions  per  minute,  201.1. 

sition.  These  variations  in  gas  composition  were  produced  by  the  different 
thicknesses  of  fuel  bed  carried  during  the  test  and  consequent  fluctuations  in 
the  temperatures  witliin  the  producer- 


PBODUCER-GAS  TESTS.  1239 

GAS   ENGINE. 

Following  are  results  of  tests  by  gas  engine: 

Report  of  gas-engine  test  No.  3. 

Recorded  by  R.  W.  Ouramings  and  W.  C.  Weidmann,  October  17,  18,  1904. 
Producer  test  No.  3. 

Coal:  General  number,  West  Virginia  No.  1;  special  number,  G.  P.  3.    Car  initials  and  number,  B.  and  O. 
67796. 

Duration  of  test,  in  hours 24 

Revolutions  per  minute  (mean) 200. 9 

Explosions  per  minute  (mean) 100 

Cubic  feet  gas  per  hour,  by  meter 18, 680 

Cubic  feet  standard  gas  per  hour  (i.  e.,  62®  F.,  14.7  pounds  pressure) 18, 140 

Maximum  pressure: 

First  cylinder 242 

Second  cylinder ^ 244. 8 

Third  cylinder 240.8 

Pressure  at  release : 

First  cylinder 30.9 

Second  cylinder 31. 2 

Third  cylinder 30 

Mean  effective  pressure: 

First  cylinder 61.06 

Second  cylinder 59. 8 

Third  cylinder .? 56.6 

Indicated  horsepower: 

First  cylinder 96.68 

Second  cylinder 94. 68 

Third  cylinder 89.  72 

Total  indicated  horsepower 281 .  08 

Horsepower  delivered  (electrical  horsepower) '. 200. 4 

Mechanical  efficiency  (engine  and  generator  combined) per  cent..  71. 1 

Cubic  feet  standard  gas  per  hour  per  indicated  horsepower 64. 5 

Cubic  feet  standard  gas  per  hour  per  electrical  horsepower 90.  7 

WEST  VIRGINIA  No.  4- 
GENERAL  RESULTS. 

The  general  results  of  tests  of  West  Virginia  No.  4  coal  are  shown  in  the 
foUowing  tables: 
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OPERATIONS   OF   THE   COAL-TESTING  PLANT. 
GAS  ANALYSES. 


Time. 

CO». 

Oi. 

0.4 
.4 
.2 
..2 
.0 

CO. 

Hs. 

CH4. 

N. 

TotaL 

B.  T.  U. 

8f45  a.  m 1 

9.2 
10.2 
11.0 
10.2 
10.2 

16.8 
15.1 
14.4 
16.6 
16.2 

3.5 
10.5 

9.4 
14.5 
17.9 

3.5 
4.1 
4.2 
3.4 
3.5 

66.6 
59.7 
60.8 
55.1 
52.2 

100. 0 
100.0 
100.0 
100.0 
100.0 

108.1 

10.45  a.  m 

132.9 

12.10  p.  m 

127.7 

2.13  p.  m 

144.6 

4.10  p.  m 

156.1 

Producer-ffos  test  No,  4,  ^^t  Virginia  No,  4  coal. 
[Heconled  by  M.  H.  Mount  and  R.  E.  Peshak,  October  20, 190i.] 

1.  Duration  of  test,  in  hours 

AVERAGE  TSMPEEATUSB,  **r. 

2.  Gas  leaving  producer 

3-6.  (See  footnote  on  p.  1027.) 

OUTSIDE  POWER  CHARGED  AOAnfST  PRODUCER  PLANT. 

7.  Total  steam  used  by  producer pounds. 

8.  Steam  used  by  producer  per  hour do. . . 

9.  Equivalent  in  pounds  of  coal  per  hour 

10.  Equivalent  in  pounds  of  dry  coal  per  hour 

11.  Equivalent  in  pounds  of  combustible  per  hour 

12.  Average  horsepower  required  to  drive  auxiliary  machinery 

13.  Total  water  used  in  scrubber  and  tar  extractor cubic  feet. 

14.  Cubic  feet  of  water  per  hour  per  horsepower  of  producer  plant 

15.  Cubic  feet  of  water  per  1 ,000  cubic  feet  of  gas  produced 

COAL  CONSUMED  IN  PRODUCER. 

16.  Total  coal  consumed pounds. 

17.  Moisture  in  coal per  cent. 

18.  Total  dry  coal  consumed pounds. 

19.  Refuse  from  dry  coal per  cent. 

20.  Total  refuse  from  coal pounds. 

21.  Total  combustible  consumed do. . . 

COAL  PER  HOUR. 

22.  Coal  consumed  in  producer pounds. 

23.  Dry  coal  consumed  in  producer do. . . 

24.  Combustible  consumed  in  producer do. . . 

25.  Equivalent  coal  used  by  producer  plant do. . . 

26.  Equivalent  dry  coal  used  by  producer  plant do. . . 

27.  Equivalent  combustible  used  by  producer  plant do. . . 


804 


2,119 
235.6 
29.78 
29.15 
26.50 
10.5 
744 
.33 
4.45 


2,100 

1.99 
2.a58.2 

9 
184.9 
1.873.3 


233 

229 

208 

262.8 

258.2 

234.5 
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COAL  CONBUMBD  PEB  SQUARE  FOOT  OF  FXTSL  BED  PER  HOUR. 

28.  Coal aa fired pounds..  6.05 

29.  Dry  coal do 6.96 

30.  Combustible do 6. 40 

BRITISH  THERMAL  UNITS  FROM  COAL. 

31.  Per  pound  of  coal  as  fired 13, 918 

32.  Per  pound  of  dry  coal 14, 202- 

33.  Per  pound  of  combustible 15, 600     - 

34.  From  coal  as  fired,  per  hour 3,250,000 

35.  From  dry  coal,  per  hour 3,250,000 

36.  From  combustible,  per  hour 3,250,000 

OAS  PRODUCED.  CUBIC  FEET. 

[Oas  at  02**  F.  and  14.7  pounds  pressure.] 

37.  Total r 167,000 

38.  Per  hour 18,560 

39.  Per  pound  coal  consumed  in  producer 79. 6 

40.  Per  pound  diy  coal  consumed  in  producer 81. 2 

41.  Per  pound  combustible  consumed  in  producer 89. 2 

42.  Per  pound  equivalent  coal  used  by  producer  plant 70. 6 

43.  Per  pound  equivalent  dry  coal  used  by  producer  plant. 71. 9 

44.  Per  pound  equivalent  combustible  used  by  producer  plant 79. 2 

BRITISH  THERMAL  UNITS  FROM  STANDARD  OAS. 

45.  Per  cubic  foot 143.2 

46.  Per  pound  dry  coal  burned  in  producer 11, 610 

47.  Per  hour  per  brake  horsepower. 11 ,  320 

AVERAGE  HORSEPOWER  DEVELOPED. 

48.  Electrical  horsepower  available  for  outside  purposes 189. 2 

49.  Electrical  horsepower  developed  at  switch  board 199. 7 

60.  Brake  horsepower  available  for  outside  purposes 222. 6 

61.  Brake  horsepower  developed  at  engine 235 

EFFICIENCIES. 

82.  Of  conversion  and  cleaning  gas .82 

53.  Of  producer  plant .72 
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COAL  PER  HOBSEPOWER  PER  HOUR. 


54.  Pounds  consumed  in  producer  per  electrical  horsepower  avail- 
able for  outside  purposes 


55.  Pounds  consumed  in  producer  per  electrical  horsepower  devel- 

oped at  switch  board 

56.  Pounds  consumed  in  producer  per  brake  horsepower  a  avail- 

able for  outside  purposes 


57.  Pounds  consumed  in  producer  per  brake  horsepowers  devel- 
oped at  engine 


58.  Equivalent  pounds  used  by  producer  plant  per  electrical  horse- 
power available  for  outsiae  purposes 


59.  Equivalent  pounds  used  by  producer  plant  per  electrical  horse- 

power developed  at  switcn  board 

60.  Equivalent  pounds  used  by  producer  plant  per  brake  horse- 

power a  available  for  outside  purposes 

61.  Equivalent  pounds  used  by  producer  plant  per  brake  horse- 

power a  developed  at  engine 


Coal  as  fired.  ,      Dry  coal.         Combustible. 


1.23 
1.17 
1.05 
.992 
1.39 
1.32 
1.18 
1.12 


1.21 

1.10 

1.15 

1.04 

1.03 

.935 

.975 

.885 

1.36 

1.24 

1.29 

1.17 

1.16 

1.05 

1.10 

.  tTVO 

o  Based  on  an  assumed  efficiency  of  85  per  cent  for  generator  and  belt. 

AVEBAGE  COMPOSITION  OF  COAL  AND  GAS. 


62.  C^al:  Percent. 

Moisture 1. 99 

Volatile  matter 28. 89 

Fixed  carbon 60.30 

Ash 8.82 


Sulphur. 


100.00 
.79 


63.  Oas  by  volume:  Percent 

Carbon  dioxide  (CO2) 10. 16 

Oxygen  (O2) 24 

Carbon  monoxide  (CO) 15. 82 

Hydrogen  (H2) 11.16 

Methane  (CH^) 3.74 

Nitrogen  (N2) 58.88 

100.00 


PRODUCER-GAS  TESTS. 
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The  test  was  closed  on  account  of  insufficient  supply  of  coal. 

This  coal  is  soft  and  friable,  reaching  the  producer  mainly  as  slack.  It  coked 
well  on  top  of  the  bed  and  was  readily  worked.  It  promised  to  give  the  largest 
yield  of  gas  of  all  the  coals  used  thus  far.     Owing  to  the  small  supply  of  coal 


Right  ey Under.    M.  E.  P..  «t ;  Max.,  SM;  K«l.,  88;  L  H.  P.,  97.7. 


Center  cylinder.    M.  E.  P..  82;  Max..  S88:  Kel..  »;  I.  H.  P.,  97.7. 


Left  cylinder.    M.  E.  P.,  M;  Max.,  XSO;  Kek.  ^  I.  U.  P.,  86. 


Indicator  diagrams  taken  October  20,  1904,  during  gas-engine  test  No.  4,  on  West  Virginia  No.  4  coal.    Scnle  of  spring,  80; 

revolutions  per  minute,  200.2. 

available  the  test  was  necessarily  of  short  duration,  but  enough  was  done  to  show 
that  it  is  an  excellent  gas-producer  coal. 

The  indicator  cards  shown  for  this  test  are  good  representatives  of  all  the 
cards  taken  for  this  run.     The  ignition  setting  is  good. 
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GAS    ENGINE. 

Following  are  results  of  tests  by  gas  engine: 

Report  of  gas-engine  test  No.  4- 

Recorded  by  R.  W.  Cummings  and  W.  C.  Weidmann,  October  20,  1904. 

Producer  test  No.  4. 

Coal :  General  number,  West  Vii^ginia  No.  4;  special  number,  G.  P.  4.    Car  initials  and  number,  B.  and  0. 4416. 

Duration  of  test,  in  hours 9 

Revolutions  per  minute  (mean) 200. 7 

Explosions  per  minute  (mean) 100. 3 

Cubic  feet  gas  per  hour,  by  meter 19, 200 

Cubic  feet  standard  gas  per  hour  (i.  e.,  62°  F.,  14.7  pounds  pressure) 18, 550 

Maximum  pressure: 

First  cylinder 269.6 

Second  cylinder 285 

Third  cylinder 268.5 

Pressure  at  release : 

First  cylinder 31 

Second  cylinder 33. 2 

Third  cylinder 29. 2 

Mean  effective  pressure : 

First  cylinder 62. 6 

Second  cylinder 65 

Third  cylinder 55.2 

Indicated  horsepower: 

First  cylinder 98.9 

Second  cylinder ^ 102. 8 

Third  cylinder ^  . . .  87. 1 

Total  indicated  horsepower 288. 8 

Horsepower  delivered  (electrical  horsepower) 199. 7 

Mechanical  efficiency  engine  and  generator  combined). per  cent. .  69 

Cubic  feet  standard  gas  per  hour  per  indicated  horsepower 64. 3 

Cubic  feet  standard  gas  per  hour  per  electrical  horsepower 93 

WEST   VIRGINIA   No.  7. 

GENERAL   RESULTS. 

The  general  results  of  tests  of  West  Virginia  No.  7  coal  are  shown  in  the 
following  tables: 
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OPERATIONS   OF   THE   COAL-TESTING  PLANT. 


GAS  ANALYSES. 


Time. 


9.40  a.  m.o. 
11.40  a.  m.. 
1.40  p.  m... 
3.40  p.  m. . . 
5.40  p.  m. . . 
7.40  p.  m. . . 
9.40  p.  m... 
11.40  p.  m.. 
1.40  a.  m.b. 
3.40  a.  m... 
5.40  a.  m. . . 
7.40  a.  m. . . 


COf. 

5.2 

9.8 

9.6 

9.8 

10.0 

10.4 

10.8 

10.8 

10.4 

8.6 

10.8 

9.2 


Oi.      ' 

0.0  I 
0.0  j 
0.4  I 
0.2  I 
0.4  i 
0.0  I 
0.0  I 
0.0 
0.0 
0.0  I 
0.0  ! 
0.0 


CO. 


Hi. 


13.0 
10.2 
15.8 
15.8 
15.2 
13.6 
11.0 
10.0 
10.6 
13.2 
11.0 
13.6 


CH*. 


6.0 
10.1 
10.9 

11.2  i 

8.9  i 

10.9  ' 

8.8 

15.8  I 

13.9  ; 
9.2  ! 
9.4 
8.6  j 


5.5 
6.2 
7.6 
7.4 
6.5 
6.7 
6.3 
6.3 
6.9 
7.4 
6.9 
7.4 


N. 


Total. 


B.  T.  U. 


70.3 

100.0 

63.7 

100.0 

55.7 

100.0 

55.6 

100.0 

59.0 

100.0 

58.4 

100.0 

63.1 

100.0 

57.1 

100.0 

58.2 

100.0 

61.6 

100.0 

61.9 

100.0 

61.2 

100. 0 

a  February  2.                                                              b  Fobruarj-  3. 
Producer-gas  test  No.  23,  West  Virginia  No.  7  coal. 
[Hwsorded  by  W.  C.  Weidmaim  and  Kurt  Toensfeldt,  February  2,  3, 1905.] 
1 .  I>uration  of  test,  in  hours 


AVERAGE  TEMPERATUBE,  <>  F. 

2.  Gas  leaving  producer 

3-6.  (See  footnote  on  p.  1027.) 

OUTSIDE  POWER  CHARGED  AGAINST  PRODUCER  PLANT. 

7.  Total  steam  used  by  producer pounds. 

8.  Steam  ased  by  producer  per  hour do. . . 

9.  Ekjuivalent,  in  pounds,  of  coal  per  hour 

10.  Equivalent,  in  pounds,  of  dry  coal  per  hour 

11.  Equivalent,  in  pounds,  of  combustible  per  hour 

12.  Average  horsepower  required  to  drive  auxiliary  machinery' 

13.  Total  water  used  in  scrubber  and  tar  extractor cubic  feet. 

14.  Cubic  feet  of  water  per  hour  per  horsepower  of  producer  plant 

15.  Cubic  feet  of  water  per  1,000  cubic  feet  of  gas  produced 


COAL  CONSUMED  IN  PRODUCER. 

16.  Total  coal  consumed pounds. 

17.  Moisture  in  coal per  cent . 

18.  Total  dry  coal  consumed pounds. 

19.  Refuse  from  dry  coal per  cent. 

20.  Total  refuse  from  coal pounds. 

21.  Total  combustible  consumed do. . . 


124.8 
156.7 
174.9 
189.3 
153.2 
156.8 
136.1 
156.9 
158.8 
156.9 
144.6 
156.2 


22.67 


1,228 


6,260 

276 

34.3 

33.3 

31. 

11.4 

4,269 

.75 

8.63 

6,000 

2.99 

5,820 

6.87 

400 

5,420 

PKODUCER-GAS  TESTS.  1255 

COAL  PER  HOUB. 

22.  Coal  consumed  in  producer pounds. .  264.  9 

23.  Dry  coal  consumed  in  producer do 256.  9 

24.  Combustible  consumed  in  producer do 239.    1 

25.  E>)uivalent  coal  ased  by  producer  plant do 299. 2 

26.  Equivalent  dry  coal  used  by  producer  plant do. . . .  290. 2 

27.  Equivalent  combustible  used  by  producer  plant do 270. 1 

i'OAL  <  ONSUMKD  PER  SQUAR'^  FOOT  OF  FUEL  BED  PER  HOUR. 

28.  Coal  as  fired pounds. .  6. 88 

•29.  Dry  coal do 6.68 

30.  Combustible do 6. 22 

BRITISH  THERMAL  UNITS  FROM  CUAL. 

31 .  Per  pound  of  coal  as  fired 14, 283 

32.  Per  pound  of  diy  coal 14,720 

33.  Per  pound  of  combustible 15, 800 

34.  From  coal  as  fired,  per  hour 3, 780, 000 

35.  From  dry  coal,  per  hour 3, 780, 000 

36.  From  combustible,  per  hour 3, 780, 000 

GAS  PRODUCED,  rUBlC  FEET. 

[Gas  at  62°  F.  and  14.7  pounds  pn^ssure.] 

37.  Total 494,990 

38.  Per  hour 21,850 

39.  Per  pound  coal  consumed  in  producer 82.  5 

40.  Per  pound  dry  coal  consumed  in  producer 85. 1 

41.  Per  pound  combustible  consumed  in  producer 91. 4 

42.  Per  pound  equivalent  coal  used  by  producer  plant 73 

43.  Per  pound  equivalent  dry  coal  used  by  producer  plant 75.  3 

44.  Per  pound  equivalent  combustible  used  by  producer  plant 80. 9 

BRITISH  THERMAL  UNITS  FROM  STANDARD  QA8. 

45.  Per  cubic  foot 154.2 

46.  Per  pound  dry  coal  burned  in  producer 13, 140 

47.  Per  hour  per  brake  horsepower 14, 380 

AVERAGE  HORSEPOWER  DEVELOPED. 

48.  Electrical  horsepower  available  for  outside  purposes 187. 7 

49.  Electrical  horsepower  developed  at  switch  board 199. 1 

50.  Brake  horsepower  available  for  outside  purposes 221 

51.  Brake  horsepower  developed  at  engine 234. 1 
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OPERATIONS  OF   THE   COAL-TESTING  PLANT. 

COAL  PKB  HOBSEPOWn  PKB  HOUR. 


Coal  as  fired. 

Dry  ooal. 

CombuBtible. 

64.  Pounds  roDsumed  in  producer  per  electrical  horsepower  avail- 
able for  outside  purposes 

L41 
1.33 
L20 
1.13 
L69 
1.50 
L35 
1.28 

1.37 
L29 
L16 
1.10 
L56 
L46 
1.31 
1.24 

1.27 

55.  Pounds  consumed  in  producer  per  electrical  horsepower  devel- 
oned  at  switch  board 

1.20 

56.  Pounds  consumed  in  producer  per  brake  horsepower  a  avaOable 
for  outside  Durooses                     . 

1.08 

67.  Pounds  consumed  in  producer  per  brake  horsepower  a  devel- 
oDed  at  ensrine 

1.02 

68.  Equivalent  pounds  used  by  producer  plant  per  electrical  horse- 
Dower  available  for  outsiae  Dumoses      

1.44 

69.  Equivalent  pounds  used  by  producer  plant  per  electrical  horse- 
power developed  at  switc  i  board 

1.36 

60.  Equivalent  pounds  used  by  producer  plant  per  brake  horse- 

powera  available  for  outside  purposes 

61.  Equivalent  pounds  used  by  producer  plant  per  brake  horse- 

powera  developed  at  engine 

1.22 
1.15 

62.  Coal: 


a  Based  on  aa  asaumed  efficiency  of  85  per  cent  for  generator  and  belt. 

AVEBAQE  COMPOSITION  OF  COAL  AND  GAS. 

Percent.      63.  Gas  by  volume: 


Moisture 2. 99  , 

Volatile  matter 21.19  ! 

Fixed  carbon 69. 15 

Ash 6.67  i 


Sulphur. 


100.00 
.92 


Percent. 

Carbob  dioxide  (COj) 9. 62 

Oxygen  (Oo) 08 

Carbon  monoxide  (00) 12. 75 

Hydrogen  (Hj) 10. 31 

Methane  (01 1, ) 6. 76 

Nitrogen  (X2) 60.48 

100.00 
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This  is  a  good,  rich  coal,  like  all  the  West  Virginia  coals  tested.  It  is  an 
excellent  producer  fuel,  yielding  a  rich,  uniform  gas  and  good  black  tar. 

The  run  was  interrupted  by  the  breaking  of  one  of  the  ignitor  trip-stems  on 
the  engine. 


Bight  cylinder.    IL  E.  P.,  «S;  Max.,  i60;  ReL,  tti  I.  H.  P.,  98.9. 


Center  cylinder.    X.  XL  P.,  M|  Max..  900;  ReL,  »i  I.  H.  P..  9«.  Left  cylinder.    K.  E.  P..  BS;  Max.,  «90t  ReL,  tt;  I.  H.  P..  88. 

Indicator  diagrams  taken  February  2,  during  gan-onglne  test  No.  23,  on  West  Virginia  No.  7  coal.    Scale  of  spring,  80; 

reTolutions  per  minute,  202.6. 

As  may  be  seen  'by  the  indicator  cards,  the  ignition  was  late  in  the  right  and 
center  cylinders. 

On  accoimt  of  the  time  of  charging  the  producer  with  coal,  the  report  does 
not  include  the  first  forty  minutes  recorded  on  the  log  sheets,  which  makes  the 
official  test  22.67  hours  long. 
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OAS   ENGINE. 

Following  are  results  of  tests  by  gas  engine : 

Report  of  gas-engine  test  No,  2S.  » 

Recorded  by  W.  C.  Weidraann  and*K.  Toensfeldt,  Februaiy  2,  3,  19a5. 

Producer  test  No.  23. 

Coal:  General  number,  West  Virginia  No.  7;  special  number,  0.  P.  23.   Car  initials  and  number,  C.  and  0. 12010. 

Duration  of  test,  in  hours 22J 

Revolutions  per  minute  (mean) 202. 3 

Explosions  per  minute  (mean) 101. 15 

Cubic  feet  gas  per  hour,  by  meter 21, 290 

Cubic  feet  standard  gas  per  hour  (i.  e.,  62°  F.,  14.7  pounds  pressure) 21, 840 

Maximum  pressure: 

First  cylinder..! 238 

Second  cylinder 217 

Third  cylinder 271 

Pressure  at  release: 

First  cylinder 26 

Second  cylinder 27. 5 

Third  cylinder 25.7 

Mean  effective  pressure: 

First  cylinder 58. 5 

Second  cylinder 59 

Third  cylinder 52 

Indicated  horsepower: 

First  cylinder 93.  56 

Second  cylinder 94. 10 

Third  cylinder 84. 31 

Total  indicated  horsepower 271. 97 

Horsepower  delivered  (electrical  horsepower) '    199. 1 

Mechanical  eflSciency  (engine  and  generator  combined) per  cent. .  73. 2 

Cubic  feet  standard  gas  per  hour  per  indicated  horsepower 80. 3 

Cubic  feet  standard  gas  per  hour  per  electrical  horsepower 109. 7 

WEST  VIRGINIA  No.  8. 

GENERAL   RESULTS. 

The  general  results  of  tests  of  West  Virginia  No.  8  coal  are  shown  in  the  fol- 
lowing tables. 
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GAS  ANALYSEa 


Time. 

CO*. 

Of. 

CO. 

Hi. 

CH«. 

N. 

Total. 

B.T.U. 

9.45 a.  m.o '.. 

11.45  a.  m 

7.4 
10.4 

n.6 

9.6 
11.2 
10.8 
10.2 
10.0 
10.8 
11.0 
10.6 
11.4 
13.2 
10.4 

9.6 

0.0 
.2 
.4 
.6 
.2 
.2 
.2 
.0 
.4 
.0 
.2 
.0 
.2 
.0 

.  .0 

13.2 
11.6 
10.6 
13.4 
12.8 
11.6 
13.0 
12.2 
11.2 
11.0 
10.6 
9.6 
5.2 
12.0 
13.8 

6.2 

10.8 

9.0 

8.4 

11.0 

10.5 

9.7 

11.2 

9.6 

9.4 

8.2 

6.3 

3.6 

11.2 

9.9 

7.0 
5.5 
6.1 
6.6 
6.1 
5.5 
6.3 
6.2 
7.4 
6.2 
7.5 
6.3 
6.5 
6.2 
6.8 

66.2 
61.5 
62.3 
61.4 
58.7 
61.4 
60.6 
60.4 
60.6 
62.4 
62.9 
66.4 
71.3 
60.2 
59.9 

100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 

142.3 
136.6 

1.45  p.  m 

133.3 

3.45  p.  m 

139.9 

5.45  p.  m 

147.6 

7.45  p.  m 

139.6 

9.45  p.  m 

146.2 

11.45  p.  m 

147.6 

1.45a.  m.6 

3.45  a.  m 

151.3 
137.1 

6.45  a.  m 

145.4 

7.45  a.  m 

122.5 

9.45  a.  m 

100.0 

11.45  a.  m 

146.9 

1.45  p.  m 

155.0 

o  January  20.  *  January  21. 

Producer-gas  test  No,  19,  Wut  Virginia  No.  8  coal, 
[Recorded  by  W.  C.  Weidmann  and  Kurt  Toenafeldt,  January  20, 21, 1905.] 

1.  Duration  of  test,  in  hours 

AVERAGE  TEMPERATURE,   **  F. 

2.  Gas  leaving  producer 

3-6.  (See  footnote  on  p.  1027.) 

OUTSIDE  POWER  CHABOED  AGAINST  PRODUCER  PLANT. 

7.  Total  steam  used  by  producer pounds. 

8.  Steam  used  by  producer  per  hour do. . . 

9.  Equivalent  in  pounds  of  coal  per  hour 

10.  Equivalent  in  pounds  of  dry  coal  per  hour 

11.  Equivalent  in  pounds  of  combustible  per  hour 

12.  Average  horsepower  required  to  drive  auxiliary  machinery 

COAL  CONSUUED  IN  PRODUCER. 

16.  Total  coal  consumed pounds. 

17.  Moisture  in  coal per  cent. 

18.  Total  dry  coal  consumed pounds. 

19.  Refuse  from  dry  coal per  cent. 

20.  Total  refuse  from  coal pounds. 

21.  Total  combustible  consumed do. . . 


21 


847 


5,775 

275 

36,1 

35.1 

33 

9.6 

6,900 

2.66 

6,720 

5.92 

397.8 

6,322.2 

PBOOVCBB-OAS  TESTS. 


1265 


SO     lOO    ISO               119 

3      5      7       1 

560  400  ^so  500  360  eoo  vaa 

iio   w»o  i*o  lao  zoo 

._    ! «...»        ..   ?o..V>.  70.... 

LT* 

195    200    to.      1  .      1          2          3 

^e 

^ 

"*? 

■^ST" 

>r*-^ 

1 

T 

\ 

\\ 

^ 

^1 

"1 

\ 

K 

. 

\ 

^ 

< 

[ 

W 

■■ 

^ 

u 

I 

i 

) 

^/ 

\ 

\ 

/4» 

< 

^ 

S " 

^ 

5 

(D 

\M 

(^ 

V? 

<*  '♦y^^ 

1 

\ 

< 

:: 

( 

^ 

/ 

\2-X 

' 

M 

y 

\ 

s^T 

% 

\ 

V 

> 

I 

\ 

J 

^  \ 

\ 

i 

— ^ 

\ 

1^ 

} 

C 

p  1 

\\ 

> 

•^ 

< 

/ 

< 

/ 

'S 

X 

y 

S 

\ 

\ 

' 

\ 

1 

1 

^ 

^ 

^ 

v' 

i 

v 

< 

i 

% 

_/' 

1 

y 

) 

\ 

^ 

^ 

\ 

' 

^ 

•^ 

/ 

1 

/ 

\ 

i,?" 

^ 

_ 

\ 

^ 

^ 

p 

t 

1 

1 

( 

/ 

> 

<^ 

^ 

f 

( 

V 

\^ 

/ 

i^ 

^ 

/ 

/ 

.- 

% 

V 

< 

> 

< 

<! 

< 

) 

-1   < 

^ 

\ 

\\ 

) 

<J 

» 

\ 

^ 

^, 

> 

~\ 

) 

s 

{ 

\ 

% 

i 

> 

1 

\ 

) 

■^  i 

/ 

\ 

( 

> 

\ 

>' 

^  ) 

1 

\ 

2 

• 

-= 

< 

' — , 

\ 

1  '  V 

\< 

^ 

i_y 

r 

^ 

i£< 

(I 

J 

^ 

-:i- 

\ 

.-TV 

•^K: 

% 

/ 

\ 

) 

•it 

J  ^ 

S 

s 

/  V 

i  \ 

/• 

K 

^ 

II 

\ 

V 

S 

\ 

\' 

*^ 

1 1 

i 

« 

\ 

c* 

\\ 

( 

0 

( 

\ 

^ 

^ 

\j , 

/ 

s 

, 

— 

c  -■■■  '3■^^■^7p^^-l>* 

t- 

j-4  W 

5; 

''    1 

Or 

!3- 

!^^ 

p] 

.- 

.- 

a 

____ 

1 

. 

1266 


OPERATIONS  OF   THE   COAL-TESTING  PLANT. 


COAL  PKB  HOUR. 

22.  Coal  consumed  in  producer pounds. 

23.  Dry  coal  consumed  in  producer j do. . . 

24.  Combustible  consumed  in  producer do. . . 

25.  Equivalent  coal  used  by  producer  plant do. . . 

26.  Equivalent  dry  coal  used  by  producer  plant do. . . 

27.  Equivalent  combustible  used  by  producer  plant do. . . 

COAL  (CONSUMED  FEB  SQUARE  FOOT  OF  FUEL  BED  PER  HOUR. 

28.  Coal  as  fired pounds. 

29.  Dry  coal do. . . 

30.  Combustible , do. . . 


328.6 
320.1 
301.1 
364.7 
355.1 
334.1 


8.54 
8.32 
7.84 


BRITISH  THERMAL  UNITS  FROM  COAL. 

31.  Per  pound  of  coal  as  fired 14, 168 

32.  Per  pound  of  dry  coal 14,  558 

33.  Per  pound  of  combustible 15, 470 

34.  From  coal  as  fired,  per  hour 4, 660, 000 

35.  From  dry  coal,  per  hour 4,660,000 

36.  From  combustible,  per  hour 4,660,000 

GAS  PRODUCED,  CUBIC  FEET. 

[Oas  at  62°  F.  and  14.7  poands  pressure.] 

37.  Total 392,240 

38.  Per  hour 

39.  Per  pound  coal  consumed  in  producer 

40.  Per  pound  dry  coal  consumed  in  producer 

41.  Per  pound  combustible  consumed  in  producer 

42.  Per  pound  equivalent  coal  used  by  producer  plant 

43.  Per  pound  equivalent  dry  coal  used  by  producer  plant 

44.  Per  pound  equivalent  combustible  used  by  producer  plant 


BRITISH  THERMAL  UNITS  FROM  STANDARD  0A8. 

45.  Per  cubic  foot 

46.  Per  poimd  dry  coal  burned  in  producer 

47.  Per  hour  per  brake  horsepower 


AVERAGE  HORSEPOWER  DEVELOPED. 


48.  Electrical  horsepower  available  for  outside  purposes. 

49.  Electrical  horsepower  developed  at  switch  board 

50.  Brake  horsepower  available  for  outside  purposes 

51.  Brake  horsepower  developed  at  engine 


EFFICIENCIES. 


52.  Of  conversion  and  cleaning  gas . 
63.  Of  producer  plant 


18,690 

56.9 

58.4 

62 

51.3 

52.6 

55.9 

155.1 

9,070 

12,340 

190.3 

199.9 

224 

235 

.622 

.558 

PRODUCER-GAS  TESTS. 

COAL  PER  HORSEPOWEB  PER  HOUR. 
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54.  Pounds  consumed  in  producer  per  electrical  horsepower  avail- 
able for  outside  purposes 


55.  Pounds  consumed  in  producer  per  electrical  horsepower  devel- 

oped at  switch  board 

56.  Pounds  consumed  in  producer  per  brake  horsepower  a  available 

for  outside  purposes 


57.  Pounds  consumed  in  producer  per  brake  horsepower  a  devel- 
oped at  engine 


58.  Equivalent  pounds  used  b^  producer  plant  per  electrical  horse- 
power available  for  outside  purposes 


59.  Ekjuivalent  pounds  used  by  producer  plant  per  electrical  horse- 

power developed  at  switch  board 

60.  Ekjuivalent  pounds  used  by  producer  plant  per  brake  horse- 

powera  available  for  cutside  purposes 

61.  Ekjuivalent  pounds  used  by  producer  plant  per  brake  horse- 

powero  developed  at  engine 


Coal  as  flred. 

1.73 
1.64 
1.47 
1.40 
1.92 
1.82 
1.63 
1.55 


Dry  coal. 


Combustible. 


1.68 

1.58 

1.60 

1.51 

1.43 

1.35 

1.36 

1.28 

1.87 

1.76 

1.78 

1.67 

1.59 

1.49 

■ 

1.51 

1.42 

62.  Coal: 


o  Based  on  an  assumed  .efficiency  of  85  percent  for  generator  and  belt. 

AVERAGE  COMPOSITION  OF  COAL  AND  GAS. 

Percent.  !  63.  Gas  by  volume: 


Moisture 2. 66 

Volatile  matter 32.  58 

Fixed  carbon 59. 00 

Ash 5.76 


Sulphur. 


1403— No.  48,  pt  :i— 06 19 


100.00 
.94 


Per  cent. 

Carbon  dioxide  (CO^) 10.  33 

OxygenCOj) 22 

Carbon  monoxide  (CO) 1 1. 93 

Hydrogen  (Hj) 9.  45 

Methane  (CH^) 6.  40 

Nitrogen  (Xj) 61. 67 


100.00 
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OPERATIONS  OF   THE   COAL-TESTING  PLANT. 


COAL  PEB  HOUR. 

22.  Coal  consumed  in  producer pounds. 

23.  Dry  coal  consumed  in  producer ^ do. . . 

24.  Combustible  consumed  in  producer do. . . 

25.  Ekfuivalent  coal  used  by  producer  plant do. . . 

26.  Equivalent  dry  coal  used  by  producer  plant do. . , 

27.  Equivalent  combustible  used  by  producer  plant do. . . 

COAL  CONSUMED  PER  SQUARE  FOOT  OF  FUEL  BED  PER  HOUR. 

28.  Coal  as  fired pounds. 

29.  Dry  coal do. . . 

30.  Combustible , do. . . 


328.6 
320.1 
301.1 
364.7 
355.1 
334.1 


8.54 
8.32 
7.84 


BRITISH  THERMAL  UNITS  FROM  COAL. 

31.  Per  pound  of  coal  as  fired 14, 168 

32.  Per  pound  of  dry  coal 14, 558 

33.  Per  pound  of  combustible 15, 470 

34.  From  coal  as  fired,  per  hour 4, 660, 000 

35.  From  dry  coal,  per  hour 4, 660, 000 

36.  From  combustible,  per  hour 4, 660, 000 

GAS  PRODUCED,  CUBIC  FEET. 

[Oas  at  62°  F.  and  14.7  poonds  pressure.] 

37.  Total 392,240 


38.  Per  hour 

39.  Per  pound  coal  consumed  in  producer 

40.  Per  pound  dry  coal  consumed  in  producer , 

41.  Per  pound  combustible  consumed  in  producer 

42.  Per  pound  equivalent  coal  used  by  producer  plant 

43.  Per  pound  equivalent  dry  coal  used  by  producer  plant 

44.  Per  pound  equivalent  combustible  used  by  producer  plant . 


18,690 
56.9 
58.4 
62 

5L3 
52.6 
55.9 


BRITISH  THERMAL  UNITS  FROM  STANDARD  OAS. 


45.  Per  cubic  foot 

46.  Per  poimd  dry  coal  burned  in  producer . 

47.  Per  hour  per  brake  horsepower 


AVERAGE  HORSEPOWER  DEVELOPED. 


48.  Electrical  horsepower  available  for  outside  purposes. 

49.  Electrical  horsepower  developed  at  switch  board 

50.  Brake  horsepower  available  for  outside  purposes 

51.  Brake  horsepower  developed  at  engine 


155.1 
9,070 
12,340 

190.3 
199.9 
224 
235 


EFFICIENCIES. 


52.  Of  conversion  and  cleaning  gas . 
63.  Of  producer  plant 


.622 
.558 


PRODUCER-GAS  TESTS. 

COAL  PER  HOB8KPOWEB  PER  HOUR. 
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54.  Pounds  consumed  in  producer  per  electrical  horsepower  avail- 
able for  outside  purposes 


55.  Pounds  consumed  in  producer  per  electrical  horsepower  devel- 

oped at  switch  board 

56.  Pounds  consumed  in  producer  per  brake  horsepower  a.  available 

for  outside  purposes 

57.  Pounds  consumed  in  producer  per  brake  horsepower  a  devel- 

oped at  engine 


58.  Equivalent  pounds  used  b^r  producer  plant  per  electrical  horse- 
power available  for  outside  purposes 


59.  Equivalent  pounds  used  by  producer  plant  per  electrical  horse- 
power developed  at  switch  board 


60.  E^quivalent  pounds  used  by  producer  plant  per  brake  horse- 
powera  available  for  cutside  purposes 


61.  Elquivalent  pounds  used  by  producer  plant  per  brake  horse- 
powero  developed  at  engine 


Coal  as  fired. 

1.73 
1.64 
1.47 
1.40 
1.92 
1.82 
1.63 
1.55 


Dry  coal. 

1.68 
1.60 
1.43 
1.36 
1.87 


Combustible. 


I 


1.78 


I 


1.59 


1.51  1 


1.58 
1.51 
1.35 
1.28 
1.76 
1.67 
1.49 
1.42 


62.  Coal: 


«  Baaed  on  an  assumed  efficiency  of  85  per  cent  for  generator  and  lielt. 

AVERAGE  COMPOSITION  OF  COAL  AND  QAS. 

Percent.  '  63.  Gas  by  volume: 


Moisture . 


2.66 


Volatile  matter 32.  58 

Fixed  carbon 59. 00 

Ash 5.76 


Sulphur 

1403— No.  48,  pt  3—06 19 


100.00 
.94 


Per  cent. 

Carbon  dioxide  (COj) 10.  33 

Oxygen  (Oj) 22 

Carbon  monoxide  (CO) 11.  93 

Hydrogen  (Hj) 9.  45 

Methane  (CH4) 6.  40 

Nitrogen  (Nj) 61. 67 


JOO.OO 


1268  OPEBATIONS  OF   THE   COAL-TESTING  PLANT. 

After  the  first  twenty-one  or  twenty-two  hours  the  load  carried  was  somewhat 
irregular.  On  this  account  the  report  is  made  up  from  the  records  of  the  twenty-one 
hours  from  9.40  a.  m.  January  20  to  6.40  a.  m.  January  21. 


Rlffht  cjUnder.    M .  K  P.,  ffi  {  Max.,  »0;  ReL,  80;  L  H.  P.,  10BL«. 


Genter  cylinder.    M .  S.  P., <8;  Ifaz.,  CM;  R«l.,  97;  I.  H.  P.  lOai.  Left  cylinder.    K.  E.  P.,  M;  ICuc,  260;  Rel.,  98;  L  H.  P.,  «LL 

Indicato)*  diagrams  taken  January  20, 1905,  during  gas-engine  test  No.  19,  on  West  Virginia  No.  8  coal.    Scale  of  spring,  SO; 

revolutions  per  minute,  202. 

This  is  a  good  producer  coal,  although  it  is  hard  to  keep  the  fuel  bed  from  getting 
hot  on  account  of  the  large  amount  of  pulverized  coal  in  this  particular  sample.  The 
gas  was  of  good  uniform  quality.     About  75  gallons  of  black  tar  were  extracted. 


PBODUCEB-GAS  TESTS.  1269 

GAS   ENGINE. 

Following  are  results  of  tests  by  gas  engine: 

RepoH  of  gas-engine  test  No.  19, 

Recorded  by  K.  Toensfeldt  and  W.  C.  Weidmaim,  Januaty  20,  21, 1905. 
Producer  test  No.  19. 

Coal:   General  number,  West  Virginia  No.  8;  special  number,  G.  P.  19.    Car  initials  and  number,  C.  and  O. 
15945. 

Duration  of  test,  in  hours 21 

Revolutions  per  minute  (mean) 202 

Explosions  per  minute  (mean) 101 

Cubic  feet  gas  per  hour,  by  meter 19, 090 

Cubic  feet  standard  gas  per  hour  (i.  e.,  62°  F.,  14.7  pounds  pressure) 18, 680 

Maximum  pressure: 

First  cylinder 238 

Second  cylinder 233 

Third  cylinder 257 

Pressure  at  release: 

First  cylinder 28 

Second  cylinder 29 

Third  cylinder 25.  7 

Mean  effective  pressure: 

First  cylinder 60.5 

Second  cylinder 61 . 2 

Third  cylinder 53.3 

Indicated  horsepower: 

First  cylinder 96.33 

Second  cylinder 97.  40 

Third  cylinder 84.93 

Total  indicated  horsepower 278.  66 

Horsepower  delivered  (electrical  horsepower) 199.  9 

Mechanical  efficiency  (engine  and  generator  combined) per  cent. .  71. 7 

Cubic  feet  standard  gas  per  hour  per  indicated  horsepower 67 

Cubic  feet  standard  gas  per  hour  per  electrical  horsepower 93. 5 

WEST  VIRGINIA  No.  9. 
GENERAL.  RESULTS. 

The  general  results  of  West  Virginia  No.  9  coal  are  tabulated  as  follows: 
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OPEBATIONS  OF  THE  COAIi-TESTING  PLANT. 
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OPERATIONS   OF   THE   COAL-TESTING  PLANT. 
QAS  ANALYSES. 


Time. 


U.40a.  m. 
2.05  p.m.. 
4.05  p.m.. 
6.05  p.  m.. 
8.05  p.  m.. 
10.25  p.  m. 


COt. 


0«. 


CO. 


10.2  ' 

0.0 

10.6 

.2 

10.6 

.8 

11.0 

.2 

10.8 

.0 

10.0  i 

1 

.4 

10.2 
11.6 
11.8 
13.0 
13.8 
13.6 


H«. 


5.8 
13.5 
13.4 
10.0 

9.0 
10.1 


CH4. 

6.4 
6.2 
6.0 
6.1 
6.8 
6.4 


N. 

Toui.        ] 

67.4 

100.0 

57.9 

100.0  i 

57.4 

100.0 

59.7 

100.0 

59.6 

100.0 

59.5 

100.0 

1 

Producer-gas  test  No,  17A,t*  West  Virginia  No.  9  coal. 
[Recorded  by  W.  C.  Weldmann,  Kurt  Toensfeldt,  and  R.  K.  Pesluik,  December  19.  1904.] 
1.  Duration  of  test,  in  hours 


AVERAQE  TEMPERATURX,  **  F. 

2.  Gas  leaving  producer 

3-6.  (See  footnote  on  p.  1027.) 

OUTSIDE  POWER  CHARGED  AGAINST  PRODUCER  PLANT. 

7.  Total  steam  used  by  producer pounds. 

8.  Steam  used  by  producer  per  hour do. . . 

9.  Equivalent  in  pounds  of  coal  per  hour 

10.  Ek|uivalent  in  pounds  of  dry  coal  per  hour 

11.  Equivalent  in  pounds  of  combustible  per  hour 

12.  Average  horsepower  required  to  drive  auxiliary  machinery 


COAL  CONSUMED  IN  PRODUCER. 

16.  Total  coal  consumed poimds. 

17.  Moisture  in  coal per  cent. 

18.  Total  dry  coal  consumed pounds. 

19.  Refuse  from  dry  coal per  cent. 

20.  Total  refuse  from  coal pounds. 

21.  Total  combustible  consumed do. 

COAL  PER  HOUR. 

22.  Coal  consumed  in  producer pounds. 

23.  Dry  coal  consumed  in  producer do. 

24.  Combustible  consumed  in  producer do. 

25.  Ek|uivalent  coal  used  by  producer  plant do. 

26.  Ekfuivalent  dry  coal  used  by  producer  plant do. . . 

27.  Equivalent  combustible  used  by  producer  plant do. 

COAL  CONSUMED  PER  SQUARE  FOOT  OF  Fl'EL  BED  PER  HOUR. 

28.  Coal  as  fired pounds. 

29.  Dry  coal do. 

30.  Combustible do. 

a  Test  No.  17  was  divided  into  two  parts,  as  explained  on  p.  127r». 


B.  T.  U. 


123.8 
152.6 
151.5 
145.1 
152.9 
151.0 


5.33 


752 


1,253 
235.5 
28.9 
28.1 
26.5 
14.2 


1,300 

2.66 
1,265 

5.89 
74.5 
1, 190.  5 

244 

237.5 

223.5 

273.9 

265.6 

250 


6.34 
6.18 
5.81 


PRODUCER-GAS  TESTS. 
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1274  OPERATIONS   OF   THE   COAL-TESTING   PLANT. 

BRITISH  THERMAL  UmTS  FROM  COAL. 

31.  Per  pound  of  coal  as  fired 14, 195 

32.  Per  pound  of  dry  coal 14,  580 

33.  Per  pound  of  combustible 15, 500 

34.  From  coal  as  fired,  per  hour 3, 465, 000 

35.  From  dry  coal,  per  hour 3, 465, 000 

36.  From  combustible,  per  hour 3, 465, 000 

GAS  PRODUCED,  CUBIC  FEET. 

[Gas  at  (S2°  F.  and  14.7  pounds  pressure.] 

37.  Total 83,937 

38.  Per  hour 15,750 

39.  Per  pound  coal  consumed  in  producer 64. 6 

40.  Per  pound  dry  coal  consumed  in  producer 66. 3 

41 .  Per  pound  combustible  consumed  in  producer 70. 4 

42.  Per  pound  equivalent  coal  used  by  producer  plant 57. 6 

43.  Per  pound  equivalent  dry  coal  used  by  producer  plant 59. 3 

44.  Per  pound  equivalent  combustible  used  by  producer  plant 63 

BRITISH  THERMAL  UNITS  FROM   STANDARD  GAS. 

45.  Per  cubic  foot 150. 9 

46.  Per  pound  dry  coal  burned  in  producer 10, 000 

47.  Per  hour  per  brake  horsepower 12, 000 

AVERAGE  HORSEPOWER  DEVELOPED. 

48.  Electrical  horsepower  available  for  outside  purposes 154. 1 

49.  Electrical  horsepower  developed  at  switch  board 168. 3 

60.  Brake  horsepower  available  for  outside  purposes 181. 4 

51.  Brake  horsepower  developed  at  engine 198 

EFFiaENCIES. 

52.  Of  conversion  and  cleaning  gas .  686 

53.  Of  producer  plant .608 


PRODUCER-GAS  TESTS. 

COAL  PEB  HOHSKPOWBR  PER  HOUR. 
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54.  Pounds  consumed  in  producer  per  electrical  horsepower  avail- 
able for  outside  purposes 


55.  Pounds    consumed    in    producer    per    electrical    horsepower 

developed  at  switch  board 

56.  Pounds  consumed  in  producer  per  brake  horsepower  a  avail- 

able for  outside  purposes 


57.  Pounds  consumed  in  producer  per  brake  horsepower  a  devel- 
oped at  engine 


58.  Eauivalent  pounds  used   by  producer  plant  per  electrical 
norsepower  available  for  outside  purposes 


59.  Eauivalent   pounds  used   by   producer  plant  per  electrical 
norsepower  developed  at  switch  board 


60.  Equivalent  pounds  used  by  producer  plant  per  brake  horse- 

powers available  for  outside  purposes 

61.  Equivalent  pounds  used  b^  producer  plant  per  brake  horse^ 

powero  developed  at  engine 


Coal  as  fired. 

Dry  coal. 

.  Combustible. 

1 

1.58 

1.54 

1.45 

1.45 

1.41 

1.33 

1               1.23 

1.20 

1.13 

1.35 

1.31 

1.23 

1.77 

1.72 

].«2 

1.62 

1.58 

1.49 

1.51 

1.47 

1.38 

1.38 

1.34 

1.26 

a  Based  on  an  assumed  efficiency  of  85  per  cent  for  generator  and  belt. 

AVBBAOE  COMPOSITION  OF  COAL  AND  OAS. 


62.  Coal; 


Per  cent. 

Moisture 2.66 

Volatile  matter 32. 00 

Fixed  carbon 59. 61 

Ash 5.73 


100.00 
Sulphur 1 .  00 


63.  Gas  by  volume:  Percent. 

Carbon  dioxide  (COj) 10.  47 

OxygenCOa) 33 

Carbon  monoxide  (CO) 11.20 

Hydrogen  (Hj) 10.90 

Methane  (CHJ 6. 20 

Nitrogen  (Nj) 60.90 


100.00 


The  West  Virginia  No.  9  is  a  rich  bituminous  coal.  It  burned  well  and  was 
easily  handled  in  the  producer,  yielding  a  gas  of  uniformly  good  quality.  It 
makes  a  good  producer  fuel. 

From  11.40  a.  m.  to  5  p.  m.  (designated  as  test  No.  17A)  the  load  was  500 
amperes.  At  5.20  p.  m.  the  engine  was  shut  down  in  order  to  change  the 
ignition  setting,  and  at  5.40  p.  m.  the  test  was  resumed,  the  engine  carrying  full 
load  (600  amperes).  At  12.10  a.  m.  the  engine  stopped  on  account  of  a  ground 
in  the  igniter  circuit.  Test  No.  17B  includes  the  portion  of  the  run  from  5.40 
p.  m.  to  12  midnight. 

One  hundred  and  twenty  gallons  of  black  tar  were  extracted. 

(For  further  information  regarding  this  coal,  see  producer-gas  test  No.  21,  pp. 
1281  et  seq.) 
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Producer-gas  test  No,  17B,  Wett  Virginia  No.  9  coal.] 
[Recorded  by  \V.  C.  Wefdmann  and  Kurt  Toenafeldt,  December  19, 1904.) 

1.  Duration  of  test,  in  hours *. 6. 33 

AVERAGE  TEMPERATURE,   °T. 

2.  Gas  leaving  producer 698 

3-6.  (See  footnote  on  p.  1027.) 

OUTSIDE  POWER  CHARGED  AOAIK8T  PRODUCER  PLANT. 

7.  Total  steam  used  by  producer pounds. .  1, 253 

8.  Steam  used  by  producer  per  hour do 235.  5 

9.  Equivalent  in  pounds  of  coal  per  hour 28. 9 

10.  Equivalent  in  pounds  of  dry  coal  per  hour 28. 1 

11.  Equivalent  in  pounds  of  combustible  per  hour 26.  5 

12.  Average  horsepower  required  to  drive  auxiliary  machinery 14. 1 

COAL  CONaXniED  IN  PRODUCER. 

16.  Total  coal  consumed pounds. .  1, 900 

17.  Moisture  in  coal per  cent. .  2. 66 

18.  Total  dry  coal  consumed pounds. .  1, 848 

19.  Refuse  from  dry  coal per  cent. .  5. 89 

20.  Total  refuse  from  coal pounds. .  108. 9 

21.  Total  combustible  consumed do 1, 739. 1 

COAL  PER  HOUR. 

22.  Coal  consumed  in  producer pounds. .  300 

23.  Dry  coal  consumed  in  producer do 292 

24.  Combustible  consumed  in  producer do 274. 9 

25.  Equivalent  coal  used  by  producer  plant do 328. 9 

26.  Equivalent  dry  coal  used  by  producer  plant do 320. 1 

27.  Equivalent  combustible  used  by  producer  plant do 301. 4 

COAL  CONSUMED  PER  SQUARE  FOOT  OF  FUEL  BED  PER  HOUR. 

28.  Coal  as  fired pounds..  7.80 

29.  Dry  coal do 7. 60 

30.  Combustible do 7. 15 

I 

BRITISH  THERMAL  UNITS  FROM  COAL. 

31.  Per  pound  of  coal  as  fired 14, 195 

32.  Per  pound  of  dry  coal 14, 580 

33.  Per  pound  of  combustible 15, 500 

34.  From  coal  as  fired,  per  hour 4, 260, 000 

35.  From  dry  coal,  per  hour 4, 260, 000 

36.  From  combustible,  per  hour 4, 260, 000 
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QAS  PBODUCKO,  CUBIC  rKBT. 

[Oaa  at  62°  F.  and  14.7  pounds  pressure.] 

37.  Total ! 99,781 

38.  Per  hour 15,770 

39.  Per  pound  coal  consumed  in  producer 52. 6 

40.  Per  pound  dry  coal  consumed  in  producer 64 

41.  Per  pound  combustible  consumed  in  producer 57. 4 

42.  Per  pound  equivalent  coal  used  by  producer  plant 48 

43.  Per  pound  equivalent  dry  coal  used  by  producer  plant 49. 3 

44.  Per  pound  equivalent  combustible  use4  by  producer  plant 52. 3 

BBITI8H  THKBMAL  ITNITS  TROH  STANDARD  OAS. 

45.  Per  cubic  foot 151 

46.  Per  pound  dry  coal  burned  in  producer 8, 150 

47.  Per  hour  per  brake  horsepower 10, 060 

AVBBAGE  HOBaiPOWBB  DBTEZX>PED. 

48.  Electrical  horsepower  available  for  outside  purposes 186. 9 

49.  Electrical  hbrsepower  developed  at  switch  board 201 

50.  Brake  horsepower  available  for  outside  purposes 220 

51.  Brake  horsepower  developed  at  engine /. 236. 5 

BFRCIBNCIES. 

52.  Of  conversion  and  cleaning  gas .  558 

53.  Of  producer  plant .606 
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COAL  PER  HORSEPOWER  PER  HODR. 


54.  PoundB  consumed  in  producer  per  electrical  horsepower  avail- 
able for  outside  purposes 


55.  Pounds  consumed  in  producer  per  electrical  horsepower  devel- 

oped at  switch  board 

56.  Pounds  consumed  in  producer  per  brake  horsepower  a  available 

for  outside  purposes 


57.  Pounds  consumed  in  producer  per  brake  horsepower  a  devel- 
oped at  engine 


58.  Equivalent  pounds  used  by  producer  plant  per  electrical  horse- 
power available  for  outsiae  purposes 


59.  Equivalent  pounds  used  by  producer  plant  per  electrical  horse- 
'      '        '  •  ch  ' 


power  develo]>ed  at  switch  board . 


60.  Eiquivalent  pounds  used  by  producer  plant  per  brake  horse- 
power o  available  for  outsiae  purposes 

6L  Equivalent  pounds  used  by  producer  plant  per  brake  horse- 
power o  developed  at  engine 


Coal  as  flrpd. 

Dry  coal. 

Combustible. 

1.60 

1.56 

1.47 

1.49 

1.46 

1.37 

i.ai 

1.33 

1.25 

1.27 

1.24 

1.16 

1.76 

1.71 

1.61 

1.64  1 

Ld9 

1.50 

1.49 

1.46 

1.37 

1.39  * 

1.35 

1.27 

a  Based  on  an  assumed  efficiency  of  85  per  cent  for  generator  and  1)elt. 

AVERAGE  COMPOSITION  OF  COAL  AND  GAS. 


62.  Coal: 


Percent.      63.  Gas  by  volume: 


Moisture 2. 66 

Volatile  matter 32.00  I 


Fixed  carbon 59. 61 


Ash. 


5.73 


100.00 
Sulphur LOO 


Per  cent. 

Carbon  dioxide  (CO,) 10. 40 

OxygenCOj) 20 

Carbon  monoxide  (CO) 13. 70 

Hydrogen  (Hj) 9.  55 

Methane  (CI^) 6. 60 

Nitrogen  (Nj) 59.55 

100.00 
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GAS   ENGINE. 

Following  are  results  of  tests  on  the  gas  engine: 

Report  of  qaa-^Jigine  test  No.  17 A. 

Recorded  by  K.  Toensfeldt  and  W.  C.  Weidmann,  December  19, 19(M. 
Producer  test  No.  17A. 

Coal:  Genera]  number,  West  Virginia  No.  9;  special  number,  G.  P.  17A.     Car  initials  and  number,  C.  and  O. 
12932. 

Duration  of  test,  in  hours , 51 

Revolutions  per  minute  (mean) 202.  5 


BUrht  ejUnder.    M.  E.  P.,  65;  Max..  SM;  ReL,  90;  I.  H.  P.,  108.4. 


renter cylindeiv   M.  E.  P.,  63,  Max.,  SM:  ReL,  SO,  I.  H.  P..  1001.  Left  ejUnder.    M.  &  P.. 6S;  Max.,  no.  Kel., tOj  I.  H.  P^  9i.X 

Indicator  diagrams  takeo  December  19,  lOOt,  during  gaa-engine  test  No.  17A,  on  West  Virginia  No  Vcoal.     Revolutions 

per  minute,  202. 

Explosions  per  minute  (mean) 101. 25 

Cubic  feet  gas  per  hour,  by  metei : 15, 920 

Cubic  feet  standard  gas  per  hour  (i  .e.,  62®  F.,  14.7  pounds  pressure) 15, 740 

Maximum  pressure: 

First  cylinder 210 

Second  cylinder 220 

Third  cylinder 220 
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Pressure  at  release: 

First  cylinder 

Second  cylinder 

Third  cylinder 

Mean  effective  pressure: 

First  <7linder 

Second  cylinder 

Third  cylinder 


25.7 

27.3 

23.9 

54 

56.3 

4a  3 

KUghtcjUnAer.    M.  E.  P.,  M;  Max.,  tOO;  ReL,  »;  I.  H.  P.,  n.1. 


Center  cylinder.    M.  E.  P..  M,  Max..  MO;  ReL,  28;  I.  H.  P.,  M.8.  Left  cylinder.    M.  E  P.M.  Max.,  SW>  Rel.,  2« .  I .'  H.  P .  19.6. 

Indicator  diagrama  taken  December  19, 1904,  during  gas-engine  test  No.  17B,  on  West  Virginia  No.  9  coal.    Revolutions 

per  minute,  202.8. 

Indicated  horsepower: 

First  cylinder 86.16 

Second  cylinder 80. 9 

Third  cylinder 77. 1 

Total  indicated  horsepower 253. 16 

Horsepower  delivered  (electrical  horsepower) 168. 3 

Mechanical  efficiency  (engine  and  generator  combined) per  cent. .  66.  4 

Cubic  feet  standard  gas  per  hour  per  indicated  horsepower 62. 2 

Cubic  feet  standard  gas  per  hour  per  electrical  horsepower 93. 6 
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Report  efgtu-^ngine  tut  No.  17B. 

Recorded  by  K.  Toensfeldt  and  W.  C.  Weidmann,  December  19, 1904. 
Producer  test  No.  17B. 

tkMd:  General  number,  West  Virginia  No.  9;  special  number,  G.  P.  17B.    Car  initials  and  number,  C.  and  O. 
12932. 

Duration  of  test,  in  hours 6} 

Revolutions  per  minute  (mean) 203 

Explosions  per  minute  (mean) 101. 5 

Cubic  feet  gas  per  hour,  by  meter , 16, 980 

Cubic  feet  standard  gas  per  hour  (i.  e.,  62®  P.,  14.7  pounds  pressure) 15, 760 

Maximum  pressure: 

First  cylinder 306 

Second  cylinder 261 

Third  cylinder 212 

Pressure  at  release: 

First  cylinder 30 

Second  cylinder 30.  5 

Third  cylinder 27  2 

Mean  effective  pressure : 

First  cylinder 62.  5 

Second  cylinder 61 .  37 

Third  cylinder 52. 75 

Indicated  horsepower: 

First  cylinder , 99. 8  ' 

Second  cylinder 98. 2 

Third  cylinder 1 84.15 

Total  indicated  horsepower 282. 15 

Horsepower  delivered  (electrical  horsepower) 201 

Mechanical  efficiency  (engine  and  generator  combined) per  cent. .  71. 2 

Cubic  feet  standard  gas  per  hour  ^r  indicated  horsepower 55. 8 

Cubic  feet  standard  gas  per  hour  per  electrical  horsepower 78. 4 

GENERAL   RESULTS    OF   ADDITIONAL   TEST. 

The  general  results  of  an  additional  test  of  West  Virginia  No.  9  coal  are  shown 
in  the  following  tables; 
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Time. 


OPEBATIONS   OF   THE   COAL-TESTING  PLANT, 

GAS  ANALYSES. 
COf.  Ot. 


1.10p.m." ,         9.8 

3.10p.m ;       10.6 


5.10  p.m... 
7.10  p.m... 
9.10  p.m... 
11.10  p.m.. 
1.10  a.m./  . 
3.10  a.m... 
5.10  a.m... 
7.10  a.m... 
9.10  a.m.. 
11.10  a.m.. 


9.2 
9.2 
9.0 
9.0 
8.8 
8.4 
9.0 
8.4 
8.4 
7.0 


0.0 

.4 

.0 

.2 

.2 

.0 

.4 

.4 

.4 

.0 
1.4 

.6  I 


CO. 

12.6 
12.6 
16.0 
16.0 
14.6 
14.0 
15.6 
16.8 
14.6 
14.8 
15.8 
13.8 


lit. 

10.0 

9.8 

9.3 

11.3 

11.9 

11.0 

10.5 

8.7 

9.4 

8.3 

9.5 

4.4 


CTI4. 


5.0 
6.1 
6.6 
6.0 
6.7 
7.1 
6.0 
7.7 
6.1 
8.0 
5.7 
8.8 


N. 

62.6 
60.5 
58.9 
57.3 
57.6 
58.9 
58.7 
58.0 
60.5 
60.5 
59.2 
65.4 


Total.    I    B.  T.  r. 


100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100,0 
100.0 


a  January  27. 


fc  Jamiao'  28. 


Producer^gas  test  No.  £1,  West  Virginia  No.  9  coal. 
[Recorded  by  W.  V.  Weidmann  and  Kurt  Toensfeldt,  January  27,  28,  isas.] 

1.  Duration  of  test,  in  hours 

•  AVERAGE  TKMPERATURr.   **  F. 

2.  Gas  leaving  producer 

3-6.  (See  footnote  on  p.  1027.) 

OUTSIDE  POWER  CHARGED  AGAINST  ITIODUCER  PLANT. 

7.  Total  steam  used  by  producer pounds. 

8.  Steam  used  by  producer  per  hour do. . . 

9.  Equivalent  in  pounds  of  coal  per  hour 

10.  Equivalent  in  pounds  of  dry  coal  per  hour 

11.  Equivalent  in  pounds  of  combustible  per  hour 

12.  Average  horsepower  required  to  dnve  auxiliary  machinery 

13.  Total  water  used  in  .scrubber  and  tar  extractor cubic  feet. 

14.  Cubic  feet  of  water  per  hour  per  horsepower  of  producer  plant 

15.  Cubic  feet  of  water  per  1 ,000  cubic  feet  of  gas  produced 


COAL  CONSUMED  IN  PRODUCER. 

16.  Total  coal  consumed pounds. 

17.  Moisture  in  coal per  cent. 

18.  Total  dry  coal  consumed pounds. 

19.  Refuse  from  dry  coal per  cent. 

20.  Total  refuse  from  coal pounds. 

21.  Total  combustible  consumed do. . . 


142.2 
143.0 
158.5 
159.1 
163.7 
162.8 
154.9 
170.9 
148.6 
165. 7 
148.9 
156.2 


24 


1,064 


6,795 

283 

34.8 

34 

31.6 

10.3 

3,967 

.661 

9.55 

6,000 

2.22 

5,867 

.  7.06 

414 

5,453 

PRODUCER-GAS   TESTS. 
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1288  OPERATIONS   OF   THE   COAL-TESTING   PLANT. 

COAL  PER  HOUB. 

22.  Coal  consumed  in  producer pounds. .  250 

23.  Thy  coal  consumed  in  producer do 244. 5 

24.  Combustible  consumed  in  producer do 227 

25.  Equivalent  coal  used  by  producer  plant do 284. 8 

26.  Equivalent  dry  coal  used  by  producer  plant do 278. 5 

27.  Ek]uivalent  combustible  used  by  producer  plant do 258. 6 

COAL  CONSUliKD  PBB  SQUABE  FOOT  OF  FUEL  BED  FEB  HOUB. 

28.  Coal  as  fired pounds..  6.60 

29.  Dry  coal do 6.36 

30.  Combustible do 6.90 

BBITISH  THEBMAL  UNITS  FBOM  COAL. 

31.  Per  pound  of  coal  as  fired 14, 224 

32.  Per  pound  of  dry  coal 14, 548 

33.  Per  pound  of  combustible 15, 650 

34.  From  coal  as  fired,  per  hour 3, 555, 000 

35.  From  dry  coal,  per  hour 3, 555,000 

36.  From  combustible,  per  hour 3, 655, 000 

GAS  PBOOUCED,  CUBIC  FEET. 

[Oas  at  62^  F.  and  X4.7  i>oi]nd8  pressure.] 

37.  ToUl 416,660 

38.  Per  hour 17,330 

39.  Per  pound  coal  consumed  in  producer 69. 3 

40.  Per  pound  dry  coal  consiuned  in  producer 70. 9 

41.  Per  pound  combustible  consumed  in  producer 76. 3 

42.  Per  pound  equivalent  coal  used  by  producer  plant 60. 9 

43.  Per  pound  equivalent  dry  coal  used  by  producer  plant 62. 2 

44.  Per  pound  equivalent  combustible  used  by  producer  plant 67 

BBITI8H  THEBMAL  UNITS  FBOM  8TANDABD  GAS. 

45.  Per  cubic  foot '. 160.  5 

46.  Per  pound  dry  coal  burned  in  producer 11, 380 

47.  Per  hour  per  brake  horsepower 11, 860 

AVEBAOE  HOBSEPOWEB  DEVELOPED. 

48.  Electrical  horsepower  available  for  outside  purposes 189 

49.  Electrical  horsepower  developed  at  switch  board 199. 3 

50.  Brake  horsepower  available  for  outside  purposes 222. 4 

51.  Brake  horsepower  developed  at  engine 234. 4 

EFFICIENCIES. 

52.  Of  conversion  and  cleaning  gas .  782 

53.  Of  producer  plant .  682 


FBODUCEB-GAS  TESTS. 

COAL  PBB  HOmSKPOWXK  PES  HOXJB. 
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54.  Pounds  ooDSumed  in  producer  per  electricftl  horsepower  avail- 
able for  outside  purposes 


55.  Pounds  consumed  in  producer  per  electrical  horsepower  devel- 
oped at  switch  board 


56.  Pounds  consumed  in  producer  per  brake  horsepower  a  available 

for  outside  puipoees 

57.  Pounds  consumed  in  producer  per  brake  horsepower  a  developed 

at  engine 


58.  Equivalent  i>ounds  used  by  producer  plant  per  electrical  horse- 
power available  for  outsiae  purposes 


50.  Equivalent  pounds  used  by  producer  plant  per  electrical  horse- 
power developed  at  switcn  board 


60.  Equivalent  poimds  used  b^  producer  plant  per  brake  horse- 
power a  available  for  outade  puqxMes 


61.  Equivalent  pounds  used  b;^  producer  plant  per  brake  horse- 
power a  developed  at  engine 


Coal  as  fired. 


1.32 
1.26 
1.18 
1.07 
1.51 
1.43 
1.28 
1.21 


Drjcoal. 


1.29 
1.23 
1.10 
1.04 
1.47 
1.40 
1.25 
1.19 


Combustible. 


1.20 
1.14 
1.02 
.97 
1.37 
1.30 
1.16 
1.10 


a  Baaed  on  an  assumed  efficiency  of  85  per  cent  for  generator  and  belt. 


62.  Coal: 


Per  cent. 

Moisture 2. 22 

Volatile  matter 31.05 

Fixed  carbon 69.83 

Ash 6.90 


Sulphur. 


AVXRAOX  COMPOSITION  Of  COAL  AMD  OAS. 

63.  Gas  by  volume:  Percent. 

Carbon  dioxide  (OOa) 8. 90 

Oxygen(Oj) 33 

Carbon  monoxide  (CO) 14.77 

Hydrogen  (Ha) 9.52 

Methane  (CH^) 6.65 

Nitrogen  (Na) 69.83 


100.00 
.79 


100.00 
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OPERATIONS   OF   THE   COAL-TESTING  PLANT. 


Test  No.  17  was  on  this  same  coal,  but  the  run  was  so  short  it  was  deemed 
wise  to  make  another  test. 


Rlffbt  Qjlinder.   M.  B.  P.,  68;  Max.,  800}  HeL,  tt)  L  H.  P.,  nx 


Center  cylinder.    M.  E.  P..  CI;  Max.,  SM;  Rel., »;  I.  H.  P..  97. 


Left  cylinder.    M.  E.  P..  M;  Max.,  870;  ReL.  88;  L  H.  P.,  TO. 


Indicator  diagrams  taken  January  27,  1905,  during  gas-engine  test  No.  21,  on  West  Virginia  No.  9  coal.    Revolutions 

per  minute.  201.8. 

This  test  confirmed  the  good  opinion  of  this  coal  as  a  gas  producer,  obtained 
in  the  previous  test. 

Fifty  gallons  of  black  tar  were  extracted  during  the  run. 


PRODUCEE-GAS  TESTS.  1291 

ADDITIONAL   GAS-ENGINE   TEST. 

Following  are  results  of  additional  test  on  the  gas  engine: 

Report  qfgaa-engine  test  No.  £1. 

Recorded  by  K.  Toensfeldt  and  W.  C.  Weidmann,  January  27,  28,  1905. 
Producer  test  No.  21. 

Coal:  General  number,  West  Virginia  No.  9;  special  number,  G.  P.,  21.    Car  initials  and  number,  C.  and  O 
12932. 

Duration  of  test,  in  hours 24 

Revolutions  per  minute  (mean) 202.  5 

Explosions  per  minute  (mean) 101 .  25 

Cubic  feet  gas  per  hour,  by  meter 17, 570 

Cubic  feet  standard  gas  per  hour  (i.  e.,  62®  F.,  14.7  pounds  pressure) 17, 820 

Maximum  pressure - 

First  cylinder 255 

Second  cylinder 235 

Third  cylinder 255 

Pressure  at- release: 

First  cylinder 27 

Second  cylinder 25 

Third  cylinder 23 

Mean  efTective  pressure : 

First  cylinder 50. 75 

Second  cylinder 61 

Thini  cylinder 49.75 

Indicated  horsepower: 

First  cylinder 94.  98 

Second  cylinder 96. 95 

Third  cylinder 79. 08 

Total  indicated  horsepower 271. 01 

Horsepower  deliversd  (electrical  horsepower) 199. 3 

Mechanical  efficiency  (engine  and  generator  combined) per  cent. .  73. 5 

Cubic  feet  standard  gas  per  hour  per  indicated  horeepower 63. 9 

Cubic  feet  standard  gas  per  hour  per  electrical  horsepower 86. 9 

WEST  VIRGINIA  No.  xa. 
GENERAL  RESULTS. 

The  general  results  of  tests  of  West  Virginia  No.   12  coal  are  tabulated  as 
follows: 
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OPERATIONS  OF   THE   COAL-TESTING  PLANT. 
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OPEBATIONS   OF   THE   COALrTESTING   PLA;NT. 
QA8  ANALYSED 


Time. 

CO.. 

o«. 

CO. 

Ht. 

CHi. 

N. 

Total. 

B.  T.  U. 

9^  a.  m 

7.6 
10.4 
10.2 
11.0 
10.6 
10.4 
10.0 
10.4 
11.4 
11.2 
12.0 
10.2 

9.6 
10.0 
10.0 
10.4 

0.0 
.0 
.2 
.4 
.2 
.0 
.2 
.0 
.0 
.4 
.4 
.0 
.0 
.0 
.2 
.0 

14.2 
11.6 
14.0 
14.4 
14.8 
15.2 
16.0 
13.8 
13.8 
14.0 
12.8 
13.6 
13.6 
15.0 
14.8 
15.6 

3.4 
14.4 
14.5 
13.9 

8.9 
13.3 
13.4 
12.8 
13.2 
13.2 
11.9 
17.0 
13,5 
17.3 
13.2 
13.9 

4.5 
3.7 
4.2 
4.8 
5.3 
4.2 
5.7 
5.5 
4.8 
4.2 
4.2 
4.3 
4.9 
4.0 
5.4 
4.1 

70.3 

59.9 

56.9 

55.5 

60.2 

56.9^ 

54.7' 

57.5 

56.8 

57.0 

58.7 

54.9 

58.4 

53.7 

56.4 

56.0 

100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 

111.3 

11.25  a.  m 

130.0 

1.05  p.  m 

144.1 

3.43  p.  m ,.^.. ' 

149.7 

6.45  p.  m 

140.1 

7.45  p.  m 

144.1 

9.45  p.  m 

12m 

2  a.  m 

163.17 
151.28 
145.22 

4a.m 

6a.m 

139.53 
130.81 

^         "'^ 

8a.m 

10  a.  m 

152.22 
146.9 

12m 

155.1 

1  D.  m.... 

155.1 

2d.  m. 

.  146.48 

mi  ym  au..  ............  ....... 

Producer-^as  test  No,  8,a  Wut  Virginia  No,  12  coal. 
[Recorded  by  M.  H.  Moant  and  R.  E.  Pesbak,  November  7, 8, 1904.] 

1.  Daration  of  test,  in  hout^ ./ 

AYXKAOE  TEMPERATUBE,  <*F. 

2.  Ga8  leaving  producer 

3^.  (See  footnote  on  p.  1027.) 

OUTSIDE  POWEB  CHARGED  AGAINST  PBODUCBB  PLAKT. 

7.  Total  steam  used  by  producer pounds. 

8.  Steam  used  by  producer  per  hour do. . . 

9.  Equivalent  in  pounds  of  coal  per  hour 

10.  Equivalent  in  pounds  of  dry  coal  per  hour 

11.  Equivalent  in  pounds  of  combustible  per  hour 

12.  Average  horsepower  required  to  drive  auxiliary  machinery 

13.  Total  water  used  in  scrubber  and  tar  extractor cubic  feet. 

14.  Cubic  feet  of  water  per  hour  per  horsepower  of  producer  plant 

15.  Cubic  feet  of  water  per  1,000  cubic  feet  of  gas  produced 


COAL  CONSUlfBD  IN  PRODUCEB. 

16.  Total  coal  consumed pounds. 

17.  Moisture  in  coal per  cent. 

18.  Total  dry  coal  consumed pounds. 

19.  Refuse  from  dry  coal per  cent. 

20.  Total  refuse  from  coal pounds. 

21.  Total  combustible  consumed do. . . 


30 
898 


8,550 
285 
34.9 
34.4 
32.2 
8.5 
3,505 
.47 
6.16 

8,100 

1.43 
7,984 

6.54 
522 
7,462 


a  Gaa-pioduoer  hopper  leaked. 


PBODUCEB-OAS   TESTS.  1801 

COAL  PKB  BOUB. 

22.  Coal  ooDsumed  in  producer pounds. .  270 

23.  Dry  coal  consumed  in  producer do 266. 1 

24.  Combustible  consumed  in  producer do 248. 7 

25.  Equivalent  coal  used  by  producer  plant do 304. 9 

26.  Equivalent  dry  coal  used  by  producer  plant do 300. 5 

27.  Equivalent  combustible  used  by  producer  plant do 280. 9 

COAL  CONSUMED  PKB  SQUARE  FOOT  OF  FUEL  BED  FEB  HOUB. 

28.  Coal  as  fired pounds..  7.01 

29.  Dry  coal do 6.92 

30.  Combustible do 6.47 

BBITISH  THBBMAL  UNITS  FBOM  COAL. 

31.  Per  pound  of  coal  as  fired 14, 614 

32.  Per  pound  of  dry  coal 14,826 

33.  Per  pound  of  combustible 15, 860 

34.  From  coal  as  fired,  per  hour 3,945,000 

35.  Prom  dry  coal,  per  hour 3,945,000 

36.  From  combustible,  per  hour 3, 945, 000 

QA8  PBODUCBD,  CUBIC  FKBT. 

[Gas  at  &^  F.  and  14.7  pounds  pressure.] 

37.  Total w 568,700 

38.  Per  hour ia967 

39.  Per  pound  coal  consumed  in  producer 70/2 

40.  Per  pound  dry  coal  consumed  in  producer 71. 2 

41.  Per  pound  combustible  consumed  in  producer 76. 2 

42.  Per  pound  equivalent  coal  used  by  producer  plant 62. 1 

43.  Per  pound  equivalent  dry  coal  used  by  producer  plant 63. 2 

44.  Per  pound  equivalent  combustible  used  by  producer  plant 67. 5 

BBITISH  THEBMAL  UNITS  FBOM  STANDABD  GAS. 

45.  Per  cubic  foot 142. 5 

46.  Per  pound  dry  coal  burned  in  producer 10, 150 

47.  Per  hour  per  brake  horsepower 11, 500 

AVBBAQE  HOBSEPOWEB  DEVELOPED. 

48.  Electrical  horsepower  avaOable  for  outside  purposes 191. 3 

49.  Electrical  horsepower  developed  at  switch  board 199. 8 

50.  Brake  horsepower  available  for  outside  purposes 225 

51.  Brake  horsepower  developed  at  engine 235 

EFFICIENCIES. 

52.  Of  conversion  and  cleaning  gas .  685 

53.  Of  producer  plant .  604 
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COAL  PER  HORSEPOWER  PER  HOUR. 


Coal  as  fired. 


54.  Pounds  consumed  in  producer  per  electrical  horsepower  avail-  I 

able  for  outside  purposes I 

55.  Pounds    consumed    in    producer    per    electrical    horsepower 

developed  at  switch  board ' 


56.  Pounds  consumed  in  producer  per  brake  horsepower  a  avail- 

able for  outside  purposes i 

57.  Pounds  consumed  in  producer  per  brake  horsepower  o  devel- 

oped at  engine | 


58.  Equivalent   pounds  used   by   producer  plant   per  electrical 
horsepower  available  for  outside  purposes 


59.  Eauivalent   pounds   used   by  producer  plant  per  electrical 
Horsepower  developed  at  switch  board 


60.  Equivalent  pounds  used  by  producer  plant  per  brake  horse- 

dae 


power  a  available  for  outside  purposes . 


6L  Equivalent  pounds  used  by  producer  plant  per  brake  horse- 
power a  developed  at  engine 


1.41 
1.35 
1.20 
1.15 
1.59 
1.53 
1.35 
1.30 


Dry  coal. 


CombusUble. 


L39 

1.30 

1.33 

1.24 

L18 

Lll 

1.13 

1.06 

L57 

1.47 

L50 

1.40 

1.34 

1.25 

1.28 

1  20 

a  Based  on  an  assumed  eflSciency  of  85  per  rent  for  generator  and  belt. 


AVERAGE  COM  POSITION  OF  COAL  AND  OAS. 


62L  Coal: 


Percent.      63.  Gas  by  volume: 


Moisture 1. 43  | 

Volatile  matter 18. 93  i 

Fixed  carbon 73. 19  ^ 

Ash 6.45  ! 


Sulphur. 


100.00 
.95 


Per  cent. 

Carbon  dioxide  (CO2) 10. 34 

Oxygen  (O2) 12 

Carbon  monoxide  (00) 14. 21 

Hydrogen  (Ha) 12.98 

Methane  (CH4) 4.61 

Nitrogen  (Nj) 57.74 


100.00 


PBODUCER-GAS   TESTS. 


1803 


The  West  Virginia  No.   12  coal  is  of  good  quality  and  the  bed  was  easily- 
handled.     It  is  soft  and  friable,  and  in  going  through  the  rolls  much  of  it  was 


Rlslit  cyHadm.    X.  B.  P.,  tti  Xax^t 860;  BeL,  90|  L  H.  P^  M.7. 


Omter  cyUndar.    X. S.  P.,  BU;  Max.,  168;  ReL,  Mt  L  B.  P.,  njL  Left  ejllnder.    M.  K.  P^  »;  Max..  170;  ReL, »;  L  H.  P.,  nX 

Indicator  dlAgramfl  taken  November  8, 1904,  during  gas-engine  test  No.  8,  on  West  Virginia  No.  12  coal.  Scale  of  spring,  80; 

revolutions  per  minute,  203.3. 

reduced  to  a  fine  powder  which  gave  trouble  in  the  scrubber  and  wash  box.     It 
yielded  about  50  gallons  of  tar.     It  may  be  considered  a  good  gas-producer  coal. 


1304  OPERATIONS  OF   THE  COAL-TESTING  PLANT. 

OAS   ENGINE. 

Following  are  results  of  tests  on  the  gas  engine: 

Report  of  gag-engine  test  No.  8. 

Reoorded  by  R.  W.  Gummings  and  W.  C.  Weidmann,  November  7,  8,  1904. 
Producer  test  No.  8. 

Coal:  General  number,  West  Virginia  No.  12;  special  number,  G.  P.  8.    Car  initials  and  number  H.  V. 
24689. 

Duration  of  test,  in  bours 30 

Revolutions  per  minute  (mean) 203. 7 

Explosions  per  minute  (mean) 101. 8 

Cubic  feet  gas  per  hour,  by  meter *-. : : .^..  .^ 19, 278 

Cubic  feet  standard  gas  per  hour  (i.  e.,  62°  F.,  14.7  pounds  pressure) 18, 947 

Maximum  pressure: 

First  cylinder 260.4 

Second  cylinder 283. 86 

Third  cylinder 233.  te 

Pressure  at  release:  < 

First  cylinder 27.73 

Second  cylinder 32.  ^ 

Third  cylinder 28.90 

Mean  effective  pressure: 

First  cylinder , 50. 8 

Second  cylinder 57. 76 

Third  cylinder. 60. 06 

Indicated  horsepower: 

First  cylinder 95. 84 

Second  cylinder 92. 66 

Third  cylinder 80.  44 


Total  indicated  horsepower 268. 94 

Horsepower  delivered  (electrical  horsepower) 199. 8 

Mechanical  efficiency  (engine  and  generator  combined) per  cent. .  74. 4 

Cubic  feet  standard  gas  per  hour  per  indicated  horsepower 70.  5 

Cubic  feet  standard  gas  per  hour  per  electrical  horsepower 94. 9 

WYOMING  No.  2. 
GENERAL   RESULTS. 

The  general  results  of  tests  of  Wyoming  No.  2  coal  are  tabulated  as  follows: 
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OPEKATIONS   OF   THE   COAL-TESTING   PLANT. 
QA8  ANALYSES. 


Time. 

CO,. 

O^ 

CO. 

H,. 

CH4. 

N. 

Total. 

B.  T.  U. 

10.45  a.  m.a 

12.05  p.  m 

2.05  p.  m 

9.2 

8.8 

9.0 

8.6 

9.2 

9.8 

9.4 

10.4 

10.0 

12.0 

11.8 

11.6 

12.0 

11.0 

10.4 

3.2 
.6 
.8 
.0 
.2 
.2 

2.2 
.4 
.0 
.0 
.0 
.0 
.4 
.4 
.4 

13.8 
19.0 
18.4 
18.0 
17.6 
17.4 
12.6 
15.2 
16.8 
13.0 
14.4 
13.4 
12.2 
13.8 
16.4 

12.2 

8.2 

11.7 

14.9 

8.4 

12.2 

11.0 

10.7 

13.5 

9.6 

8.9 

7.2 

11.5 

9.0 

12.8 

5.0 
4.5 
4.0 
3.4 
6.8 
6.1 
6.3 
5.9 
5.3 
4.8 
6.5 
7.2 
5.4 
6.0 
5.6 

56.6 
58.9 
56.1 
55.1 
57.8 
54.3 
58.5 
57.4 
54.4 
60.6 
58.4 
60.6 
58.5 
59.8 
54.4 

100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 

144.7 
122.8 
146.5 

4.05  p.  m 

150.8 

6.05  p.  m. 

163.0 

8.05  p.  m 

167.9 

10.05  p.  m 

149.0 

12.05  a.m.  6 

2.05  a.  m 

4.05  a.  m 

153.1 
162.1 
129.8 

6.05  a.  m 

8.05  a.  m 

10.05  a.  m 

12  m 

141.5 
148.5 
140.1 
143.4 

2  D.  m 

162.4 

oDeoen 

iber  16. 

ftDeoember  17. 

Producer-gaa  test  No.  16,  Wyoming  No.  2  coal. 

[Recorded  by  W.  C.  Weidmann,  Kurt  Toensfeldt,  and  R.  £.  Petthak,  Deceml)er  16, 17, 1004.] 

1.  Duration  of  test,  in  hours  ...^ 

AVEBAOE  TEMPKRATURB,  °  F. 

2.  Gbs  leaving  producer 

3-6.  (See  footnote  on  p.  1027.) 

OUTSIDE  POWER  CHAROED  AGAINST  PRODUCER  PLANT. 

7.  Total  steam  used  by  producer pounds.  _ 

8.  Steam  used  by  producer  per  hour do 

9.  Equivalent  in  pounds  of^oal  per  hour 

10.  Ek]uivalent  in  pounds  of  dry  coal  per  hour 

.  11.  Ek]uivalent  in  pounds  of  combustible  per  hour 

12.  Average  horsepower  required  to  drive  auxiliaiy  machinery 


COAL  CONSUMED  IN  PRODUCER. 


16.  Total  coal  consumed pounds. 

17.  Moisture  in  coal _ per  cent. 

18.  Total  dry  coal  consumed pounds. 

19.  Refuse  from  dry  coal per  cent. 

20.  Total  refuse  from  coal pounds. 

21.  Total  combustible  consumed - do. . . 


30 


680 


7,470 
249 
56.5 
61.2 
39.5 
16.4 


12, 100  • 

9.44 
10,958 

22.90 
2,509 
8,449 


PRODUCER-GAS   TESTS. 
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1812  OPERATIONS   OF    THE    COAL,-TESTINO   PLANT. 

COAL  PES  BOUX. 

22.  Coal  consumed  in  producer pounds. .  403. 3 

23.  Dry  coal  consumed  in  producer do 366. 3 

24.  Combustible  consumed  in  producer do 281. 6 

25.  Ek]uivalent  coal  used  by  producer  plant do 450. 8 

26.  Equivalent  dry  coal  used  by  producer  plant do 416. 5 

27.  Equivalent  combustible  used  by  producer  plant do 321. 1 

COAL  CONSUMED  PER  SQUARE  FOOT  OF  FUEL  BED  PER  HOUR. 

28.  Coal  as  fired pounds..  10.50 

29.  Dry  coal do 9.50 

30.  Combustible do 7. 30 

BRITISH  THERMAL  UNITS  FROM   COAL. 

31.  Per  pound  of  coal  as  fired 9, 650 

32.  Per  pound  of  dry  coal 10,656 

33.  Per  pound  of  combustible 13, 820 

34.  From  coal  as  fired,  per  hour 3, 891, 400 

35.  From  dry  coal,  per  hour 3, 802, 600 

36.  From  combustible,  per  hour 3, 891, 800 

GAS  PRODUCED,  CUBIC  FEET. 

[Oas  at.  82^  F.  and  14.7  pounds  preMure.] 

37.  Total 447,700 

38.  Per  hour 14,923 

39.  Per  pound  coal  consumed  in  producer 37 

40.  Per  pound  dry  coal  consumed  in  producer 40. 9 

41.  Per  pound  combustible  consumed  in  producer 53 

42.  Per  pound  equivalent  coal  used  by  producer  plant 32. 5 

43.  Per  pound  equivalent  dry  coal  used  by  producer  plant 35. 8 

44.  Per  pound  equivalent  combustible  used  by  producer  plant 46.  6 

aaiTISH  THERMAL  UNITS  FROM  STANDARD  GAS. 

45.  Per  cubic  foot 151 

46.  Per  pound  diy  coal  burned  in  producer 6, 168 

47.  Per  hour  per  brake  horsepower 9, 516 

AVERAOE  HORSEPOWER  DEVELOPED. 

48.  Electrical  horsepower  available  for  outside  purposes 184. 8 

49.  Electrical  horsepower  developed  at  switch  board 201. 2 

50.  Brake  horsepower  available  for  outside  purposes 217. 4 

51.  Brake  horsepower  developed  at  engine 236. 8 

EFFICIENCIES. 

52.  Of  conversion  and  cleaning  gas .  580 

53.  Of  producer  plant .500 


PBODUCER-GAS  TESTS, 

COAL  PES  HOB8EPOWSB  PKB  HOUR. 
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54.  Pounds  consumed  in  producer  per  electrical  horsepower  avail- 

able for  outside  purposes 

55.  Pounds  consumed  in  producer  per  electrical  horsepower  devel- 

oped at  switch  board 


56.  Pounds  consumed  in  producer  per  brake  horsepower  a  available 

for  outside  purposes 

57.  Pounds  consumed  in  producer  per  brake  horsepower  a  developed 

at  engine 

58.  Equivalent  pK)unds  used  b}r  producer  plant  per  electrical  horse- 

power available  for  outsiae  purposes 


50.  Equivalent  pounds  used  by  producer  plant  per  electrical  horse- 
'      '       '  cil 


power  developed  at  switch  board. . 


60.  Equivalent  pounds  used  by  producer  plant  per  brake  horse- 

power a  available  for  outsiae  purposes 

61.  Equivalent  pounds  used  by  producer  plant  per  brake  horse- 

power a  developed  at  engine 


Coal  as  fired. 

Diyooal. 

Combustible. 

2.18 

1.08 

1.52 

2.00 

1.82 

1.40 

1.86 

1.68 

1.30 

1.70 

1.54 

1.10 

2.40 

2.25 

1.74 

2.28 

2.07 

1.60 

2.11 

1.02 

1.48 

1.04 

1.76 

1.36 

a  Baaed  on  an  asmuned  efficiency  of  85  per  cent  for  generator  and  belt. 

AVKRAGE  COMPOSITION  OP  COAL  AND  OA8. 

62.  Coal:  Percent.     63.  Gas  by  volume:  Percent. 

Moisture 0.44  Carbon  dioxide  (OOj) 10.21 

Volatile  matter 35.02  Oxygen  (O,) 50 

Fixed  carbon 34.82  Carbon  monoxide  (00) 15.46 

Ash 20.72  Hydrogen(Ha) 10.70 

Methane  (CH^) 5.52 

Nitrogen  (N,) 57.43 


100.00 
Sulphur 3.01 


100.00 


1314  OPERATIONS   OF   THE   COAL-TESTING   PLANT. 

Wyoming  No.  2  is  a  bituminous  coal.  It  burned  without  any  clinkering, 
leaving  a  large  amount  of  white  ash  similar  to  that  obtained  from  wood.  The  gas 
was  not  uniform  in  quality,  on  account  of  the  difficulty  experienced  in  keeping  the 


Rtflrht  cylinder.    31.  E.  P..  59;  Max.,  900;  ReL,  96;  I.  H.  P.,  M.4. 


Center  cylinder.    M.  E.  P.,  CO;  Max.,  t70;  Rel.,  17 ;  I.  H.  P..  96.9.  Left  cylinder.    M.  E.  P..  51 ;  Max.,  SU ;  ReL,  86;  I.  H.  P.,  81.6. 

Indicator  dlagrama  taken  December  16, 1901,  during  gas-engine  teet  No.  16,  on  Wyoming  No.  2  coal.    Scale  of  spring,  80; 

revolutions  per  minute,  202.9. 

bed  in  good  condition,  which  made  more  or  less  trouble  in  securing  the  proper 
mixture  of  air  and  gas.  There  was  also  some  slight  trouble  with  the  ignition  setting. 
Sixty  gallons  of  yellow  tar  were  taken  from  the  gas. 


PBODUCEB-GAS   TESTS.  1816 
GAS   ENGINE. 

Following  are  results  of  tests  on  the  gas  engine: 

Report  ofgas-en^ne  test  No.  16. 

Recorded  by  K.  Toensfeldt  and  W.  C.  Weidmann,  December  16, 17, 1904. 
Producer  test  No.  16. 

Coal:  General  number,  Wyoming  No.  2;  special  number,  G.  P.,  16.    Car  initials  and  number,  C.  B.  and  Q. 
72534. 

Duration  of  test,  in  hours •. 30 

ReTolutions  per  minute  (mean) 203. 2 

Explosions  per  minute  (mean) 101. 6 

Cubic  feet  gas  per  hour,  by  meter ^ 15, 583 

Cubic  feet  standard  gas  per  hour  (i.  e.,  62**  F.,  14.7  pounds  pressure) 14, 913 

Maximum  pressure: 

First  cylinder .  244.6 

Second  cylinder « 262. 6 

Third  cylinder.... 241.2 

Pressure  at  release: 

First  cylinder 27. 4 

Second  cylinder 28. 6 

Third  cylinder 26. 8 

Mean  effective  pressure: 

First  cylinder 57. 66 

Second  cylinder 56. 46 

Third  cylinder 50.40 

Indicated  horsepower: 

First  cylinder 92. 31 

Second  cylinder 90. 3 

Third  cylinder 80. 66 

Total  indicated  horsepower 263. 27 

Horsepower  delivered  (electrical  horsepower) 201. 2 

Mechanical  efficiency  (engine  and  generator  combined) per  cent. .  76.  4 

Cubic  feet  standard  gas  per  hour  per  indicated  horsepower 56. 6 

Cubic  feet  standard  gas  per  hour  per  electrical  horsepower 74. 1 

SUMMARY  OF  RESUIiT8. 

The  table  given  herewith  shows  in  a  condensed  form  the  results  obtained  in 
the  producer-gas  tests. 

The  chart  which  follows  the  table  presents  in  a  compact  manner  the  most 
important  items.     As  will  be  seen  at  a  glance,  the  coals  are  arranged  in  the  order 

of  their  economic  value  as  determined  by  the  tests  already  made.  The  order  of 
precedence  may  be  slightly  modified  in  the  light  of  future  tests,  conducted  under 
improved  conditions,  although  it  is  doubtful  if  it  is  seriously  shaken. 
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1816  OPEBATIONS   OF   THE   COAL-TESTING   PLANT. 

Brief  summary  of  2^  produeei^-gas  Utis  of  hiJLumiwnu  coals  and  lignites. 


No.  I  Dura- 

oi  .   Date  of  test.      tionin 

teat.  I  hoiiro. 


2 

Oct.  10-14 

43.00 

15 

Dec.  13-14 

30.00 

06 

Oct.31-Nov.  1. 

30.00 

•9 

Nov.  10-11..  . 

30.00 

•  14 

Dec.  2-3 

29.67 

«13 

Nov.  28-29.... 

7.00 

1 

Oct.  3-6 

31.00 

20 

Jan.  23-24 

22.67 

22 

Jan.  30-31 

13.33 

24 

Feb.  6-7 

13.00 

al2 

Nov.  2S-28.   .. 

30.00 

«7 

Nov.3 

4.33 

«6 

Oct.  24-25 

22.33 

olO 

Nov.  14-15.... 

30.00 

•  11 

Nov.  21-22.... 

21.67 

18 

Dec.  21-22 

19.33 

3 

;  Oct.  17-18 

24.00 

4 

Oct.  20 

9.00 

23 

Feb.  2^ 

22.67 

19 

Jan.  20-21 

21.00 

17 

Dec.  19 

6.33 

21 

Jan.  27-28 

24.00 

«8 

Nov.  7-8 

30.00 

16 

Dec.  16-17 

30.00 

Name  of  sample. 


.Alabama  No.  2 

Colorado  No.  1 

lUlnoisNo.  3 

niinoisNo.  4 

Indiana  No.  1 

Indiana  No.  2 

Indian  Territory  No.  1 . 
Indian  Territory  No.  4. 

Iowa  No.  2 

Kansas  No.  5 

Kentucky  No.  3 

Missouri  No.  2 

Montana  No.  1 

North  Dakota  No.  2. . . 

Texas  No.  1 

Texas  No.  2. 

West  Vli^ginla  No.  1.... 
West  Virginia  No.  4.... 
West  Virginia  No.  7.... 
West  Virginia  No.  8.... 
West  Virginia  No.  9.... 
West  Viiiginia  No.  9 ... . 
West  Virginia  No.  12... 
Wyoming  No.  2 


Coal  per  hour  (ix>und8). 


Conanmed  in  producer. 


Coal  as 
fired. 


Diycoal. 


Combus- 
tible. 


310.5  I 
364.4 
350.0  I 
350.0 
394.5  I 
300.0 
361.0 
278.0  I 
362.5  ' 
307.8  ' 
370.0  I 
346.5 
456.5 
460.0  I 
590.0 
468.0  I 

287.5  '  • 

233.0 : 

264.9 

328.6  I 
300.0  I 
250.0  I 
270.0  , 
403.3  I 

I 


299.0 

290.7 

323.3 

306.3  I 

349.3 

274.0  I 

344.0 

253.2  I 
302.5 
294.3 

343.3  , 
306.0 
404.5  j 
278.0  I 
393.0 
310.3 
283.0 
229.0 
256.9  ; 

320.0  ; 
292.0 
244.5  > 

266.1  I 
365.3 


280.0 
269.3 
289.3 
274.1 
309.5 
244.8 
312.0 
207.8 
227.5 
259.8 
310.0 
255.0 
355.8 
249.0 
332.0 
276.2 
265.5 
208.0 
239.1 
301.1 
274.9 
227.0 
248.7 
281.0 


Equivalent  used  by  pro- 
dooer  plant. 


Coalaa 
filed. 


341.4 
428.4 
386.0 
398.2 
434.6 
338.0 
392.7 
312.5 
408.4 
338.4 
410.8 
384.5 
506.8 
510.0 
660.0 
519.5 
320.6 
262.8 
299.2 
364.7 
328.9 
284.8 
304.9 
459.8 


n,^«-fli  ICombua- 
Drycoal.     ^1^,^^ 


328.7 
341.7 
366.7 
348.5 
384.8 
312.0 
374.0 
284.6 
340.7 
323.6 
381.2 
339.6 
449.1 
308.0 
439.5 
344.4 
315.6 
258.2 
290.2 
355.1 
320.1 
278.5 
300.5 
416.5 


10 


306.8 
316.6 
319.2 
311.9 
341.0 
278.8 
339.3 
233.6 
256.2 
285.7 
344.2 
28:^.0 
395.0 
275.8 
371.3 
306.6 
296.1 
234.5 
270.1 
334.1 
301.4 
258.6 
280.9 
321.1 


o  Oas-producer  hopper  leaked  during  these  tests. 


PBODUOBB-GAS  TESTS. 
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Brief  summary  of  24  producer-gas  tests  of  bituminous  coals  and  lignites — Continaed. 


No. 

of 

test. 


Date  of  test. 


Dura-  I 
tionln  I 
hours. 


Name  of  sample. 


2 

16 

a6 

aO 

014 

•  23 

1 

20 

22 

24 

a  12 

«7 

95 

a  10 

all 

18 

3 

4 

23 
10 
17 
21 
a8 
16 


i-  - - 


Oct.  10-14.... 
Dec.  13-14.... 
Oct.  31-Nov.  1 
Nov.  10-11... 

Dec.  2-3 

Nov.  28-29... 

Oct.  3-6 

Jan.  23-24.... 
Jan.  30-31.... 

Feb.  fr-7 

Nov.  2^26... 

Nov.  3 

Oct.  24-25.... 
Nov.  14-16... 
Nov.  21-22... 
Dec.  21-22. . . . 
Oct.  17-18. . . . 

Oct.  20 

Feb.  2-3 

Jan.  20-21.... 

Dec.  19 

Jan.  27-28.... 

Nov.  7-8 

Dec.  16-17.... 


43.00 
30.00 
30.00 
30.00 
29.67 

7.00 
31.00 
22.67 
13.38 
13.00 
30.00 

4.33 
22.33 
30.00 
21.67 
19.33 
2^.00 

9.00 
22.67 
21.00 

6.33 
24.00 
30.00 
30.00 


British  thermal  units. 


I 


Coal  as 
fired,  per 
pound. 


Dry  coal, 

per 
pound. 


Alabama  No.  2 

Colorado  No.  1 

lUinoisNcS 

Illinois  No.  4 

Indiana  No.  1 

Indiana  No.  2 

Indian  Territory  No.  1. 
Indian  Territory  No.- 4, 

Iowa  No.  2 

Kansas  No.  5 

Kentucky  No.  3 

Missouri  No.  2 

Montana  No.  1 

North  Dakota  No.  2... 

Texas  No.  1 

Texas  No.  2 

West  Virginia  No.  1.... 
West  Virginia  No.  4.... 
West  Virginia  No.  7-... 
West  Virginia  No.  8.... 
West  Virginia  No.  9.... 
West  Virginia  No.  9.... 
West  Virginia  No.  12... 
Wyoming  No.  2 


11 


12 


12;865  I 
9,767 
12,046  I 
11,237  I 
11,634  I 
11,822  I 
12,787  , 
10,364  I 
8,735  I 
12,836 
12,283  , 
10,505  I 
10,576  I 
6,802  I 
7,267  I 
7,348  I 
14,166  I 
13,918  * 
14,283  I 
14,168  I 

14,196  : 

14,224 
14,614  I 
9,660  I 


13,366 
12,245 
13,041 
12,834 
13,037 
12,953 
13,450 
11,392 
10,489 
13,421 
13,226 
11,882 
11,934 
11,255 
10,928 
11,066 
14,396 
14,202 
14,720 
14,558 
14,580 
14,548 
14,825 
10,666 


Combus- 
tible, per 
pound. 


18 


14,820 
13,210 
14,560 
14,344 
14,720 
14,500 
14,800 
13,890 
13,950 
15,200 
14,650 
14,280 
13,580 
12,600 
12,945 
12,460 
16,350 
16,600 
15,800 
16,470 
15,500 
15,650 
15,860 
13,820 


Per  cubic 

loot  of 

standard 

ga». 


From 
standard 
gasper 
pound  of 
dry  coal 

con- 
sumed in 
producer. 


14 


149.2 
149.0 
154.8 
151.5 
153.7 
150.3 
159.2 
161.1 
160.2 
167.2 
155.9 
140.0 
160.8 
188.5 
160.7, 
156.2 

144.4  I 
143.2 
154.2 
155.1  ' 
151.0  I 

160.5  I 
142.5 
161.0  ' 


16 


9,000 
7,860 
8,330 
8,840 
7,730 
10,140 
8,620 
9,960 
9,300 
10,500 
8,610 
8,820 
6,680 
7,830 
7,260 
8,060 
9,260 
11,610 
13,140 
9,070 
8,150 
11,380 
10,150 
6,168 


From 
standard 
gasper 
hour  per 
brake 
horse- 
power. 


16 

11,420 
9,700 
11,460 
11,620 
11,480 
11,760 
12,360 
10,760 
12,130 
13,130 
12,540 
11,560 
11,340 
18,770 
12,230 
10,570 
11,130 
11,320 
14,380 
12,340 
10,060 
11,860 
11,500 
9,516 


I 


a  Oas-producer  hopper  leaked  during  these  tests. 
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OPERATIONS   OF   THE   COAL-TESTING   PLANT. 


Brief  gummary  of  £4  producer^gas  terts  ofhUuminofju  coals  and  lignites — Continaed. 


No. 

of 

teit. 


Dftteoftest. 


2 

Oct.  10-14 

16 

Dee.  13-14 

•  6 

Oct.ai-Nov.i. 

•9 

Nov.  10-11.... 

al4 

Dec.  2^ 

«13 

Nov.28-29.... 

1 

Oct.  3-6 

20 

Jan.  23-24 

22 

Jan.  30-^1 

24 

Feb.  6-7 

•  12 

Nov.  26-26.... 

•7 

Nov.3 

a5 

Oct.  24-25 

a  10 

Nov.  14-15  . . . . 

•  11 

Nov.  21-22.... 

IH 

Dec.  21-22...  . 

3 

Oct.  17-18 

4 

Oct.  20 

23 

Feb.  2-3 

19 

Jan.  20-21 

17 

Dec.  19 

21 

Jan.  27-28 

as 

Nov.7-8 

16 

Dec.  16-17 

Dura- 
tion in 
hours. 


43.00 
30.00 
30.00 
30.00 
29.67 

7.00 
31.00 
22.67 
13.33 
13.00 
30.00 

4.33 
22.33 
30.00 
21.07 
19.33 
24.00 

9.00 
22.67 
21.00 

6.33 
24.00 
30.00 
30.00 


Name  of  sample. 


Alabama  No.  2 

Colorado  No.  1 

IlUnoisNo.3 

Illinois  No.  4 

Indiana  No.  1 

Indiana  No.  2 

Indian  Territory  No.  1. . 
Indian  Territory  No.  4. . 

Iowa  No.  2 

Kansas  No.  5 

Kentucky  No.  3 

Mi88ocrlN0.2 

Montana  No.  1 

North  Dakota  No.  2. .. . 

Texas  No.  1 

Texas  No.  2 


18,050 
16,343 
17,412 
17,881 
17,600 
17,460 
18,613 
16,680 
17,670 
18,490 
18,943 
19,300 
16,540 
11,580 
16,800 
16,009 
West  Viiglnia  No.  1 1      18,160 


Cubic  feet  of  standard  gas  produced  (62*>  F.,  14.7  pounds 
pressure). 


Per  hour. 


17 


West  Virginia  No.  4.. 
West  Virginia  No.  7.. 
West  Virginia  No.  8.. 
West  Virginia  No.  9.. 
We8tViiginUNo.9.. 
West  Virginia  No.  12. 


18,600 
21,860 
18,690 
16,770 
17,330 
18,957 
WyomingNo.2 14,923 


Per  pound  consumed  in 
producer. 


Coal  as 
fired. 


18 


68.1 
42.1 
49.8 
61.1 
44.5 
68.2 
61.6 
66.4 
48.5 
00.1 
61.2 
65.7 
36.2 
25.2 
28.4 
34.2 
63.2 
79.6 
82.5 
56.9 
62.6 
69.3 
70.1 
37.0 


Dry 
coal. 


19 

60.4 
62.8 
63.9 
,  68.4 
60.3 
63.6 
54.1 
61.9 
58.1 
62.8 
56.1 
63.0 
40.9 
41.5 
42.7 
61.6 
64.1 
81.2 
86.1 
58.4 
54.0 
70.9 
71.2 
40.9 


Com- 
busti- 
ble. 


80 

64.6 

67.0 

60.2 

66.3 

56.7 

71.3 

50.4 

75.5 

77.2 

71.2 

61.1 

76.7 

46.5 

46.4 

60.6 

57.9 

68.4 

89.2 

91.4 

62.0  I 

67.4  I 

76.3  I 

76.2 

63.0  I 


Per  pound  equivalent 
uaad  by  producer 
plant. 


Coal  as 
fixed. 


21 


COM. 


n 


Com- 
busti- 
ble. 


-I- 


63.9 

36.8 

45.1  I 

44.8 

40.4 

51.6 

47.4 

50.2 

43.0 

54.6 

46.2 

60.2 

32.6 

22.7 

3S.6 

30.8 

66.6 

70.6 

73.0 

51.3 

48.0 

60.9 

02.1 

32.5 


65.0 
44.9 
48.8 
61.4 
45.6 
56.9 
49.9 
65.1 
61.6 
67.2 
49.7 
66.8 
36.8 
37.5 
38.2 
46.4 
57.6 
71.9 
75.3 
62.6 
49.3 
62.2 
63.2 
35.8 


68.9 
48.6 
64.6 
67.4 
51.6 
62.0 
54.0 
67.1 
68.6 
64.8 
56.0 
68.3 
41.9 
41.9 
46.3 
52.2 
61.3 
79.2 
80.9 
66.9 
62.3 
67.0 
67.6 
46.6 


a  Oa«-produoer  hopper  leaked  during  these  tests. 
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Bfi^  summary  of  S4  producer-gas  tests  of  bituminous  coals  and  lignites — Continued. 


No. 

of 

teat. 


Date  of  test. 


1  ! 

2 

15 

a6 

aO 

a  14 

a  13 

1 

20 

22 

24 

al2 

a? 

a5 

a  10 

«U 

18 

3 

4 

23 

19 

17 

21 

as 

10 


2 


Dura- 
tion in 
hoiira. 


Oct.  10-14. . 
Dec  1^14. . 
Oct.  31-Nov.  1. 
Nov.  11-11.... 
Dec.  2-3.... 
Nov.  28-29.... i 

Oct,  3-6 1 

Jan.  2^24 

Jan.  30-31 

Feb.(^-7 ' 

Nov.  26-28.... 

Nov.  3 

Oct.  24-25 

Nov.  14-15.... 
Nov.  21-22.... 

Dec.  21-22 

Oct.  17-18 

Oct.  20 

Feb.  2^ 

Jan.  20-21 

Dec.  19 

Jan.  27-28 

Nov.  7-8 

Dec.  16-17 


43.00 
30.00 
30.00 
80.00 
29.67 

7.00 
31.00 
23.67 
13.33 
13.  PO 
30.00 

4.33 
22.33 
30.00 
21.67 
19.33 
24.00 

9.00 
22.67 
21.00 

6.33 
24.00 
30.00 
30.00 


Name  of  sample. 


Alabama  No.  2 

Colorado  No.  1 

IUinoisNo.3 

niinoIsNo.  4 

Indiana  No.  1 

Indiana  No.  2 

Indian  Territory  No.  1 . 
Indian  Territory  No.  4. 

Iowa  No.  2 

Kansas  No.  5 

Kentucky  No.  3 

Missouri  No.  2 

Montana  No.  1 

North  Dakota  No.  2... 

Texas  No.  1 

Texas  No.  2 

West  Virginia  No.  1.... 
West  Virginia  No.  4.... 
WestViiginiaNo.7.... 
WestVixginiaNo.  8.... 
We8tViiginiaNo.9.... 
West  Virginia  No.  9.... 
WestViiginlaNo.  12... 
Wyoming  No.  2 


Economic  results:  Pounds  of  ooal  consumed  in  producer 
per  horsepower  per  hour. 


Per  electrical  horsepower 
available  for  outside  pur- 
poses. 


Coal  as 
fired. 


24 

1.61 
1.95 
1.82 
1.85 
2.10 
1.57 
1.84 
1.48 
1.94 
1.60 
1.96 
1.87 
2.39 
3.67 
3.16 
2.47 
1.51 
1.23 
1.41 
1.73 
1.60 
1.32 
1.41 
2.18 


Dry  ooal. 


26 


1.55 
1.56 
1.68 
1.62 
1.86 
1.43 
1.76 
1.35 
1.62 
1.53 
1.81 
1.65 
2.12 
2.22 
2.10 
1.04 
1.49 
1.21 
1.37 
1.68 
1.56 
1.29 
1.39 
1.96 


Combus- 
tible. 


1.45 
1.45 
1.50 
1.45 
1.64 
1.28 
1.59 
1.10 
1.22 
1.35 
1.63 
1.87 
1.86 
1.99 
1.78 
1.46 
1.40 
1.10 
1.27 
1.58 
1.47 
1.20 
1.30 
1.52 


Per    electrical     horsepower 
developed  at  switch  board. 


Coal  as 
fixed. 


27 


1.56 
1.82 
1.75 
1.76 
1.97 
1.49 
1.77 
1.39 
1.84 
1.54 
1.85 
1.74 
2.29 
3.42 
2.96 
2.33 
1.43 
1.17 
1.33 
1.64 
1.49 
1.26 
1.35 
2.00 


Dry  coal. 


28 


1.49 
1.45 
1.62 
1.55 
1.75 
1.36 
1.60 
1.27 
1.53 
1.47 
1.71 
1.54 
2.03 
2.07 
1.99 
1.54 
1.41 
1.15 
1.29 
1.60 
1.46 
1.23 
1.33 
1.82 


Combus- 
tible. 


29 


1.40 
1.35 
1.45 
1.38 
1.55 
1.22 
1.53 
1.04 
1.15 
1.30 
1.55 
1.28 
1.78 
1.86 
1.68 
1.37 
1.33 
1.04 
1.20 
1.51 
1.37 
1.14 
1.34 
1.40 


a  Oas-produoer  hopper  leaked  during  these  tests. 
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OPERATIONS  OF   THE   COAL-TESTING  PLANT. 


Brief  tummary  of  24  producer-gcu  tests  of  bitummous  coals  and  li^iitee — Continued. 


No. 

of 

test. 


2 

15 

a6 

a9 

a  14 

a  13 

1 

20 

22 

24 

«12 

o7 

a5 

a  10 

all 

18 

3 

4 

23 

19 

17 

21 

OS 

16 


Dflto  of  test. 


Oct.  10-14. . 
Dec.  13-14.. 
Oct.  31-Nov.  1. 
Nov.  10-11  . 
Dec.  2^.... 
Nov.  28-29.... 
Oct.  3-6.... 
Jan.  23-24.. 
Jan.  30-31.. 
Feb.  6-7.... 
Nov.  2S-26  . 

Nov.  3 

Oct.  24-25. . 
Nov.  14-15  . 
Nov.  21-22.... 

Dec.  21-22 1 

Oct.  17-18 ! 

Oct.20 

Feb.  2-3.... 
Jan.  20-21.. 

Dec.  19 

Jan.  27-28.. 
Nov.  7-8... 
Dec.  16-17.. 


Dura- 
tion in 
hours. 


43.00 
30.00 
36.00 
30.00 
29.67 

7.00 
31.00 
22.67 
13.33 
13.00 
30.00 

4.33 
22.33 
30.00 
21.67 
10.33 
24.00 

9.00 
22.67 
21.00 

6.33 
24.00 
30.00 
30.00 


Name  of  sample. 


I 


Alabama  No.  2 

Colorado  No.  1 

Illinois  No.  3 

UlinolsNo.  4 

Indiana  No.  1 

Indiana  No.  2 

Indian  Territory  No.  1 
Indian  Territory  No.  4 

Iowa  No.  2 

Kansas  No.  5 

Kentucky  No.  3 

Missouri  No.  2 

Montana  No.  1 

North  Dakota  No.  2... 

Texas  No.  1 ^ 

Texas  No.  2 

West  Virginia  No.  1... 
West  Virginia  No.  4... 
West  Virginia  No.  7... 
West  Virginia  No.  8... 
West  Virginia  No.  9... 
West  Virginia  No.  9... 
West  Virginia  No.  12.. 
Wyoming  No.  2 


Economic  results:  Pounds  of  coal  consumed  in  producer 
per  horsepower  per  hour. 


Per  brake  horsepower  avail- 
able for  outside  purposes. 


Coal  at 
flred. 


SO 


Dry  coal. 


SI 


1.37' 

1.66  I 
1.54  . 
1.57  , 
1.78  I 
1.33 

1.67  , 
1.26  I 
1.66 
1.36  I 
1.66  ' 
1.60 
2.03  ! 
3.13  i 

2.68  i 
2.10  I 
1.29  i 
1.05  I 
1.20  ' 
1.47 
1.36  I 
1.18  ' 
1.20  • 
1.86 


1.32 
1.32 
1.43 
1.37 
1.58 
1.22 
1.60 
1.15 
1.38 
1.30 
1.64 
1.40 
1.80 
1.89 
1.79 
1.30 
1.27 
1.03 
1.16 
1.43 
1.33 
1.10 
1.18 
1.68 


Combus- 
tible. 


S2 


1.23 
1.23 
1.28 
1.23 
1.40 
1.09 
1.36 

.94 
1.04 
1.15 
1.39 
1.17 
1.68 
1.60 
1.51 
1.24 
1.19 

.94 
1.08 
1.35 
1.26 
1.02 
1.11 
1.30 


Per  brake  horsepower  devel- 
oped at  engine. 


Coal  ai 
flr^. 


1.32 
1.55 
1.49 
1.60 
1.68 
1.27 
1.60 
1.18 
1.56 
1.31 
1.57 
1.48 
1.95 
2.91 
2.54 
1.98 
1.22 
.99 
1.13 
1.40 
1.27 
1.07 
1.16 
1.70 


Dry  coal. 


84 


1.27 
1.23 
1.38 
1.31 
1.49 
1.16 
1.43 
1.06 
1.30 
1.25 
1.46 
1.31 
1.72 
1.76 
1.69 
1.31 
1.20 
.96 
1.10 
1.36 
1.24 
1.04 
1.13 
1.54 


Combua- 
tible. 


86 


1.19 
1.14 
1.23 
1.17 
1.33 
1.03 
1.30 

.80 

.96 
1.10 
1.32 
1.00 
1.52 
1.5B 
1.43 
1.17 
1.13 

.80 
l.OS 
1.28 
1.16 

.97 
1.06 
1.19 


aQas-producer  hopper  leaked  during  these  tests. 
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Britf  summary  of  £4  producer-gas  tests  of  bituminous  coals  and  lignites — Continued. 


No. 

of 

test. 


1 

2 

15 

06 

a9 

0  14 

a  13 

1 

20 

22 

24 

a  12 

a? 

«5 

a  10 

all 

18 

3 

4 

23 

19 

17 

21 

ag 

16 


Date  of  test. 


I  Dura- 
I  tion  in 
'   hours. 


Oct.  10-14.... 
Dec.  13-14.... 
Oct.  31-Nov.  1 
Nov.  10-11  .. . 

Dec.  2-3 

Nov.  28-29  . . . 

Oct.  3-6 

Jan.  23-24.... 
Jan.  30-31.... 

Feb.  6-7 

Nov.  25-26... 

Nov.  3 

Oct.  24-25.... 
Nov.  14-16  . . . 
Nov.  21-22... 
Dec.  21-22.... 
Oct.  17-18.... 

Oct.  20 

Feb.  2-3 

Jan.  20-21.... 

Dec.  19 

Jan.  27-28.... 

Nov.  7-8 

Dec.  16-17.... 


Name  of  sample. 


Economic  results:  Equivalent  pounds  of  coal  used  by 
producer  plant  per  horsepower  per  hour. 


^IvaSSwXoutSSroTr-  '  Per  electrical  horsepower  de- 
avauanie  for  outside  pur-  ^     ^eloped  at  switch  board. 


Coal  as 
fired. 


'  Drv  oftjLi  I  Combus-    Coal  as    nnrnoai  I  CombuB- 
Drycoal.|    ^j^^,^  ^^^       Dry  coal.     ^^^^^ 


87 


8S 


43.00  ' 
30.00  j 
30.00  ; 
30.00 
29.67 

7.00 
31.00 
22.67  i 
13.33 
13.00 
30.00 

4.33 
22.33 
30.00 
21.67 
19.33 
24.00 

9.00 
22.67 
21.00 

6.33 
24.00 
30.00 
30.00 


Alabama  No.  2 

Colorado  No.  1 

Illinois  No.3 

Illinois  No.  4 

Indiana  No.  1 

Indiana  No.  2 

Indian  Territory  No.  1 . 
Indian  Territory  No.  4. 

Iowa  No.  2 

Kansas  No.  5 

Kentucky  No.  3 

Missouri  No.  2 

Montana  No.  1 

North  Dakota  No.  2. . . 

Texas  No.  1 

Texas  No.  2 

West  Virginia  No.  1.... 
West  Virginia  No.  4.-.. 
West  Virginia  No.  7.... 
West  Virginia  No.  8.... 
West  Virginia  No.  9.... 
West  Virginia  No.  9.... 
West  Virginia  No.  12... 
Wyoming  No.  2 


89 


40 


41 


1.77 

1.71 

1.60 

1.71 

1.64 

1.53 

2.30 

1.83 

1.70 

2.14 

1.71 

1.68 

2.01 

1.86 

1.66 

1.93 

1.79 

i.eo 

2.11 

1.84 

1.66  1 

2.01 

1.76 

1.67 

2.31 

2.04 

1.81  , 

2.17 

1.93 

1.71 

1.77 

1.63 

1.46  1 

1.68 

1.65 

1.30 

2.00 

1.91 

1.73' 

1.92 

1.83 

1.66 

1.66 

1.51 

1.24  ! 

1.57 

1.43 

1.17 

2.19 

1.83 

1.37 

2.07 

1.73 

1.30 

1.76 

1.68 

1.49  I 

1.09 

1.62 

1.43 

2.16 

2.01 

1.81  i 

2.06 

1.91 

1.72 

2.07 

1.83 

1.62  1 

1.94 

1.71 

1.43 

2.66 

2.36 

2.07  1 

2.64 

2.26 

1.98 

4.07 

2.46 

2.20 

3.80 

2.29 

2.05 

3.63 

2.36 

1.99 

3.34 

2.22 

1.88 

X 

1.82 

1.62  ' 

2.58 

1.71 

1.62 

1.69 

1.66 

1.56  1 

1.60 

1.57 

1.48 

1.39 

1.36 

1.24  1 

1.32 

1.29 

1.17 

1.50 

1.55 

1.44  1 

1.50 

1.46 

1.36 

1.92 

1.87 

1.76 

1.82 

1.78 

1.07 

1.76 

1.71 

1.61  1 

1.64 

1.60 

1.60 

1.61 

1.47 

1.37 

1.43 

1.40 

1.30 

1.50 

1.57 

1.47  1 

1.53 

1.60 

1.40 

2.49 

2.26 

1 

1.74  1 

2.28 

2.07 

i.eo 

a  Ga»< producer  hopper  leaked  during  these  tests. 
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OPERATIONS   OF   THE   COAL-TESTING  PLANT. 


Brirfmimmary  of  S4  prodacer-gtu  testa  ofbUuminous  codU  and  lignites — Continaed. 


Na 

of 

tost. 


Date  of  test. 


Dura- 
tion In 
hours. 


Name  of  sample. 


Economic  results:  Equivalent  i>ounds  of  coal  used  by 
producer  plant  per  horsepower  per  hoar. 


Per  brake  horsepower  avail- 
able for  outside  purposes. 


Coal  as 
fixed. 


Dry  coal. 


Combus- 
tible. 


Per  brake  horsepower  devel- 
oped at  engine. 


Coal  as 
fixed. 


Dry  coal. 


Combus- 
tible. 


8 


48 


44 


4h 


2 

16 

aO 

•  14 
al3 

1 

ao 

22 
24 

•  12 
a? 


Oct. 
Dec 
Oct. 
Nov. 
Dec 
Nov. 
Oct. 
Jan. 
Jan. 
Feb. 
Nov. 
Nov. 


M^14 

13-14 

31-Nov.l. 
10-11.... 
2-3 


«6  I.Oct. 


•  10 

•  11 
18 

3 
4 
23 
10 
17 
21 
•  8 
16 


Nov. 
Nov. 
Dec. 
Oct. 
Oct. 
Feb. 
Jan. 
Dec 
Jan. 
Nov. 
Dec 


3-6 

23-24 

30-31 

6-7 

.26-26.... 

.3 

24-26 

14-15.... 
21-22.... 

21-22 ' 

17-18 

20 

^-3 

20-21 

19 1 

27-28 1 

,7-8 ' 

16-17 1 

i 


43.00 
30.00  I 
30.00  I 
30.00  I 
29.67  ' 

7.00  ' 
31.00  I 
22.67  I 
13.33  I 
13.00  I 
30.00  I 

4.33 
22.33  I 
30.00 
21.67 
19.33 
24.00 

9.00 
22.67 
21.00 

6.33 
24.00 
30.00 
30.00 


Alabama  No.  2 

Colorado  No.  1 

Illinois  No.  3 

nUnolsNo.  4 

Indiana  No.  1 

Indiana  No.  2 

Indian  Territory  No.  1 
Indian  Territory  No.  4 

Iowa  No.  2 

Kansas  No.  6 

Kentucky  No.  3 

Missouri  No.  2 

Montana  No.  1 

North  Dakota  No.  2... 

Texas  No.  1 

Texas  No.  2 

WestVixginiaNo.  1... 
West  Virginia  No.  4... 
WestVixginiaNo.  7... 
WestVixginiaNo.  8... 
West  Virginia  No.  9... 
West  Virginia  No.  9... 
West  Viiginia  No.  12. . 
Wyoming  No.  2 


1.61 

1.95 

1.70 

1.79 

1.96 

1.62 

1.71 

1.41 

1.86 

1.60 

1.84 

1.76 

2.26 

3.47 

3.00 

2.33 

1.43 

1.18  I 

1.35 

1.63 

1.49 

1.28 

1.35 

2.11 


1.45 
1.66 
1.68 
1.66 
1.74 
1.30 
1.62 
1.20 
1.55 
1.43 
1.71 
1.55 
2.00 
2.09 
2.20 
1.55 
1.41 
1.16 
1.31 
1.59 
1.46 
1.26 
1.34 
1.92 


1.36 
1.44 
1.41 
1.40 
1.54 
1.24 
1.47 
1.06 
1.17 
1.26 
1.64 
1.30 
1.76 
1.88 
1.69 
1.38 
1.33 
1.06 
1.22 
1.49 
1.37 
1.16 
1.26 
1.48 


1.46 
1.82 
1.64 
1.71 
1.86 
1.43 
1.64 
1.33 
1.76 
1.44 
1.75 
1.65 
2.16 
3.23 
2.83 
2.20 
1.36 
1.12 
1.28 
1.55 
1.39 
1.21 
1.30 
1.94 


1.40 
1.46 
1.62 
1.50 
1.64 
1.32 
1.56 
1.21 
1.47 
1.37 
1.62 
1.45 
1.91 
1.95 
1.99 
1.46 
1.34 
1.10 
1.24 
1.51 
1.36 
1.19 
1.28 
1.76 


47 


1.30 
1.34 
1.36 
1.34 
1.45 
1.18 
1.41 
1.00 
1.10 
1.21 
1.46 
1.21 
1.68 
1.74 
1.60 
1.30 
1.26 
1.00 
1.15 
1.42 
1.27 
1.10 
1.20 
1.36 


a  Oas-produoer  hopper  leaked  during  these  tests. 
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Brief  summary  of  94  producer-giis  tetU  of  bituminous  coals  and  lignites — Continaed. 


No. 
of 

teat. 


Date  of  ten. 


Dura- 
tion in 
hoiira. 


2 

Oct.  1(K-14 

43.00 

IS  1  Dec  13-14 

30.00 

•6    Oct.  31-Nov.l. 

30.00 

•9     Nov.  10-11.... 

30.00 

•  14     Dec.2-3 

29.67 

a  13 

Nov,  28-29.... 

7.00 

1 

Oct.  3-6 

31.00 

20 

Jan.  23-24 

22.67 

22 

Jan.  30-31 

13.33 

24 

Feb.  6-7 

13.00 

a  12 

Nov.  25-26.... 

30.00 

a7 

Nov.  3 

4.33 

•  5 

Oct.  24-25 

22.33 

alO 

Nov.  14-15 .... 

30.00 

all 

Nov.  21-22  .... 

21.67 

18 

Dec.  21-22 

19.33 

3 

Oct.  17-18 

24.00 

4     Oct.20 

9.00 

23     Feb.  2-3 

22.67 

19     Jan.  20-21 

21.00 

17 

Dec.  19 

6.33 

21 

Jan.  27-28 

24.00 

<i8 

Nov.  7-8 

30.00 

16 

Dec.  16-17 

30.00 

Name  of  sample. 


Alabama  No  2 

Colorado  No.  1 

Illinois  No.  3 

Illinois  No.  4 

Indiana  No.  1 

Indiana  No.  2 

Indian  Territory  No.  1 
Indian  Territory  No.  4 

Iowa  No.  2 

Kansas  No.  5 

Kentucky  No.  3 

Missouri  No.  2 

Montana  No.  1 

North  Dakota  No.  2... 

Texas  No.  1 

Texas  No.  2 

West  Virginia  No.  1... 
West  Virginia  No.  4... 
West  Virginia  No.  7... 
West  Virginia  No.  8... 
West  Virginia  No.  9... 
West  Virginia  No.  9... 
West  Virginia  No.  12. . 
Wyoming  No.  2 


Average  composition  of  gas  by  volume  (per  cent). 


^*jSf^O™en. 
(CO,).        <^«-     I 


Carbonic 
oxide 
(CO). 


48 


49 


8.16 
10.11 
10.53 

9.72 

9.89 
11.80 

8.25 

7.200 
10.057 
10.267 
10.87 
12.07 

9.04 

8.60 
11.10 

9.60 
10.50 
10.16 

9.617 
10.327 
10.40 

8.90 
10.34 
10.21 


0.10 
.55 
.15 
.12 
.25 
.Ot 
.11 
.236 
.171 
.133 
.29 
.20 
.36 
.23 
.22 
.20 
.10 
.24 
.064 
.218 
.20 
.33 
.12 
.59 


16.65 

17.38 

15.31 

15.12 

14.10 

11.46 

19.39 

17.636 

12.671 

12.40 

12.45 

10.53 

18.67 

20.90 

14.43 

18.22 

14.34 

15.82 

12.75 

11.927 

13.70 

14.  n 

14.21 

15.46 


Hydro- 
sen  (Ht). 


Marsh 
«S1). 


ftl 


I 


7.20 
11.06    I 

8.35    { 

9.98 

9.56    i 
10.60 

7.69    ; 
10.427  j 

9.629  I 

9.05    i 
10.92    I 

7.63    ' 

8.00 
14.33 
10.54 

9.63 

2.81     ! 
11.16 
10.308  I 

9.454 

9.55 

9.506 
12.98 
10.79 


62 


5.64 

5.00 

4.46 

6.00 

6.06 

6.10 

4.92 

6.30 

7.671 

7.417 

6.52 

6.33 

4.84 

4.85 

7.48 

4.81 

5.56 

3.74 

d.768 

6.40 

6.60 

6.66 

4.61 

5.52 


Nitrogen 
(N,). 


62.24 

55.90 

61.19 

59.06 

60.18 

59.97 

59.66 

56.109 

60.000 

60.733 

58.96 

63.23 

59.10 

51.02 

56.22 

57.53 

66.60 

56.88 

60.483 

61.672 

50.55 

50.850 

57.75 

57.43 


a  Oas-produoer  hopper  leaked  during  these  tests. 
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In  considering  the  possible  increase  in  efficiency  of  the  boiler  tests  if  a  com- 
pound engine  should  be  substituted  for  the  simple  engine  used,  the  fact  should 
not  be  overlooked  that  a  corresponding  increase  in  the  efficiency  of  the  gas-producer 
tests  may  be  brought  about  under  the  most  favorable  conditions.  The  gas  engine 
is  passing  through  a  transitional  period.  In  the  larger  sizes  the  vertical  single- 
acting  engine  is  being  replaced  by  the  horizontal  double-acting.  Other  changes 
and  improvements  are  constantly  being  made  which  tend  to  do  for  the  gas  engine 
what  compounding  and  tripling  the  expansions  have  done  for  the  steam  engine. 

The  gas  engine  used  in  the  trials  recorded  is  a  vertical  three-cylinder,  single- 
acting  engine  with  no  means  of  changing  the  ignition  while  the  engine  is  running. 

In  the  tests  at  hand  a  glance  at  the  ''British  thermal  imits  per  hour  per  brake 
horsepower"  will  show  in  many  instances  that  the  ignition  setting  was  faulty, 
thus  causing  an  excessive  amount  of  gas  to  be  used.  With  a  variable  ignition 
device  there  is  no  doubt  that  marked  improvement  can  .be  shown  in  the  amount 
of  gas  used  by  the  engine. 

The  producer  itself  was  subjected  to  new  and  varied  conditions  for  which  it 
was  not  well  adapted.  In  the  light  of  the  information  which  has  been  obtained 
during  the  operation  of  this  plant,  together  with  the  changes  and  improvements 
that  wiD  naturally  be  made  in  the  construction  and  operation  of  producer  plants 
for  use  in  connection  with  bituminous  coals  and  lignites,  there  is  every  reason 
to  expect  a  development  in  this  particular  line  which  will  make  a  marked  increase 
in  the  efficiency  of  such  installations. 

A  brief  consideration  of  these  points  will  lead  at  once  to  the  conclusion  that 
the  gas  engine  and  steam  engine  used  in  these  tests  compare  very  favorably,  and 
that  any  increase  in  efficiency  in  the  boiler  tests  that  might  result  from  using  a 
compound  engine  can  be  offset  by  the  introduction  of  the  more  modem  type  of 
gas  engine  and  the  improved  producer  plant. 
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COKING  TESTS. 


By  Fred.  W.  Stammleb. 


INTRODUCTION. 

The  tests  of  the  coking  qualities  of  the  coals  received  at  the  testing  plant 
were  made  in  a  battery  of  three  bee-hive  ovens.  The  ovens  are  of  standard  size 
and  shape,  12  feet  in  diameter  and  7  feet  high,  and  they  were  built  from  plans  fur- 
nished by  Mr.  John  Fulton,  the  well-known  expert  on  coke  making,  of  Johnstown, 
Pa.  The  writer  was  assisted  in  making  the  coking  tests  by  Mr.  B.  B.  Boyd,  of  Union- 
town,  Pa.  The  analyses  given  in  the  table  at  the  end  of  this  report  of  coals  that 
were  chained  in  the  coke  ovens,  and  of  the  resulting  cokes,  were  all  made  at  the 
chemical  laboratory  of  the  testing  plant,  imder  the  direction  of  Prof.  N.  W.  Lord, 
of  Columbus,  Ohio. 

The  ovens  were  fired  on  September  10,  and  were  kept  in  blast  until  December 
16.  During  this  time  61  tests  were  made,  embracing  44  different  coals,  coming 
irom  11  States.  Thirty-two  tests  were  made  on  29  diflFerent  samples  of  raw  coal, 
and  27  tests  were  made  on  24  samples  of  washed  coal.  Two  tests  were  made  on 
briquettes  of  noncoking  coal,  having  an  additional  amount  of  volatile  matter  used 
as  a  binding  material.  All  of  the  coal  charged  into  the  ovens  was  first  passed 
through  rolls,  reducing  it  to  1^  inches  or  smaller. 

RESUIiTS  OF  TESTS. 

The  results  of  the  coking  tests  have  been  arranged  alphabetically  by  States, 
the  general  number  adopted  for  all  tests  being  given  for  ready  identification,  and 
are  as  follows: 

Alabama  No.  1. 

Coking  test  No,  8,  on  unwasJied  coal;  coking  test  No,  13,  on  washed  coal. — 
Lump  and  nut  coal  from  mine  No.  8,  Ivy  Coal  and  Iron  Company,  Horse  Creek,  Ala. 

Two  charges  were  made  of  this  coal,  the  first  being  unwashed  and  the  second 
washed.  The  first  charge  of  unwashed  coal  consisted  of  8,000  poimds.  Although 
the  coking  process  was  continued  for  88  hours,  the  coke  was  very  light,  of  a  spongy 
structure,  and  high  in  ash.     Washing  reduced  the  percentage  of  impurities  but 
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slightly;  though  it  is  believed  that  with  more  thorough  washing  a  coke  of  good 
quality  might  be  obtained.  The  charge  of  washed  coal  weighed  9,800  pounds, 
was  burned  for  65  hours,  and  produced  5,731  pounds  of  coke,*  a  percentage  yield 
of  58.5.  This  coke  was  also  soft  and  high  in  ash.  The  results  of  the  tests  are 
shown  below. 

Antdysia  of  Alabama  No.  1  coal. 


Character  of  coal. 

Cbemio- 
al  labo- 
ratory 
number. 

ICoiature. 

Volatile 
matter. 

Fixed 
carbon. 

Aah. 

Sulphur. 

RemarkB. 

Unwashed 

n42 
1100 

Percent. 
2.65 
4.64 

Percent. 
30.70 
31.28 

Percent. 
52.68 
53.02 

Percent. 
13.88 
11.06 

Percent. 

0.76 

.80 

Used  for  coking  test  No.  8. 

WftjpftMl 

Used  for  ooUng  test  No.  13. 

Coking  teti  and  eoke  production. 


When  charged. 

When  drawn. 

1 

Coal  chaiged. 

M 

O 

OS 

«S 

9 
M 

O 

9 
M 

O 

o 

i 

1 

s 

Percent  of  yield. 

Test  number. 

1 

Lbt. 

Lbs. 
8,000 

1 

Medium. 
Total. 

8  (unwashed).. 
13  (washed)... 

Sept.  20,  4  p.  m. 
Oct.  7,  4p.m... 

Oct.  3,8  a.  m... 
Oct.  10,  0  a.  m. . 

Hrt. 

88 

Lbi. 

Lbt. 

Lbe. 

Lbt. 

1 

66 

0,800 

4,215 

1,516 

5,731 

352 

43.0 

15.4     58.5 

3.6 

Physical  and  ckemical  properties  of  coke  prodvced. 


Test 
num- 
ber. 


13 


Qrams  in  1 
cubic  inch. 


10.1 


18.45 


Pounds  in  1 
cubic  foot. 


b 

Q 


38.38 


Percentage 
by  volume. 


IS: 

iili 
fill 


Lbt. 
145 


Feet. 
58 


2.0 


li 


1.04  I     1220 


Chemical  analysis. 


P.ct. 
0.33 


P.ct. 
0.72 


6 

£ 

5 

§ 

1 

1 

i 

1 

1 

Perct. 

Perct. 

P.ct. 

P.ct. 

82.63 

16.32 

0.60 

0.047 

Coke,  mostly  in  large  pieces,  was  produced  from  this  coal.  Some  pieces  were 
of  good  color  and  ring,  others  were  dark  gray,  and  were  soft  and  spongy.  The  large 
amount  of  ash  in  the  coal  was  also  noticeable  in  the  coke.  The  washed  coal 
showed  a  lower  percentage  of  ash,  but  not  sufficiently  low  to  insure  a  desirable 
fuel.  Washing  did  not  materially  improve  the  quality  of  the  coke,  as  the  coke 
from  the  washed  coal  was  soft  and  would  not  carry  a  heavy  burden.  The  sul- 
phur and  phosphorus  are  low,  and  the  cell  structure  approaches  that  of  Connells- 
ville  coke,  but  the  ash  is  rather  high.  If  this  can  be  reduced  by  proper  washing  this 
coke  may  come  up  to  standard. 

«  ExdusiTe  of  352  poimds  of  breeze  and  aoh. 
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Alabama  No.  2. 

• 

Coking  test  No.  7. — Lump,  nut,  and  pea  coal  from  mine  No.  5,  Galloway  Coal 
Company,  Carbon  Hill,  Ala. 

The  coal  used  in  this  test  was  unwashed,  the  charge  weighing  8,000  pounds. 
It  coked  imperfectly  in  small  pieces,  which  were  very  soft,  and  which  were  mixed 
with  chaired  coal  and  ash.  The  coal  is  high  in  ash  (13.04  per  cent),  but  if  properly 
washed  may  yield  a  coke  of  fair  grade.     The  results  are  summarized  as  follows: 

Andlyais  of  Alabama  No.  2  coal. 


Character  of  coal. 

Chemlo- 
al  labo- 
ratory 
number. 

Mo..tu«.  VoUgle 

Fixed 
carbon. 

Aah.       Sulphur.                          Remarks. 

Unwashed 

1136 

Per  c^nt. 
3.77 

Percent. 
32.60 

Percent. 
50.59 

Percent.  Percent. 

13.04           1.43     Used  for  coking  test  No.  7. 

Coking  test. 


Test  number. 

When  drawn. 

Time  in 
oven. 

Coal 

charged 

(dry). 

Pounds. 
8,000 

Remarks. 

7  (unwashed) Sept.  28,  4  p.  m . . . 

Oct.  1,  8  a.  m 

Hours. 
64 

Small  coke. 

The  coal  charged  burned  freely  with  a  hot  flame,  giving  a  good,  hot  oven. 
When  the  oven  was  discharged,  it  was  noticed  that  the  coke  produced  was  all  in 
small  pieces,  very  friable,  with  no  bond  to  hold  together,  and  was  mixed  with 
burnt  coal  and  ashes.  The  lower  part  of  the  charge  was  not  coked  at  all.  What 
coke  was  obtained  was  fit  only  for  domestic  fuel.  Washing  might  improve  it,  as 
the  ash  and  sulphur  are  high  in  the  coal,  and  could  be  reduced. 

Arkansas  No.  1. 

Coking  test  No.  5. — Lump  and  nut  coal  from;  mine  No.  3,  Central  Coal  and 
Coke  Company,  Huntington,  Ark. 

The  charge  consisted  of  8,075  pounds  of  unwashed  coal,  which  showed  no 
tendency  to  coke  and  burned  to  ash.  The  volatile  constituents  are  too  low  to 
make  coke  in  the  beehive  oven.  If  properly  washed,  this  coal  may  make  coke  in 
a  retort  oven.     It  is  high  in  ash  (1 3.01  per  cent) ,  and  also  somewhat  high  in  sulphur. 

Analysis  of  Arkansas  No.  1  coal. 


Character  of  coal. 

Chemic- 
al labo- 
ratory 
number. 

Moisture. 

Volatile 
matter. 

Per  cent. 
18.10 

Fixed 
carbon. 

i 
Ash.     ,  Sulphur. 

Remarks. 

Unwashed 

1107 

Per  cent. 
2.31 

Per  cent. 
66.58 

Per  cent.  Per  cent. 
13.01  ,         1.13 

1 

Used  for  coking  test  No.  6. 

-  J.''.    I- 

COKING  TESTS. 
Coldngtest. 

i32y 

Test  number. 

When  charged. 

When  drawn. 

Time  in 
oven. 

Coal 

charged 

(dry). 

Remarks. 

/» (Qnwanhed) . . ^■. ,.,.,-,.-- 

Sept.  22,  2p.  m... 

Sept.  27,8  a.m.. 

Hourt, 
114 

Pounds, 
8,075 

No  coke. 

The  coal  charge  ignited  freely  and  burned  for  about  one  day,  when  it  died  out, 
turned  black  on  top,  and  the  oven  cooled  off.  When  the  charge  was  drawn,  it  was 
found  that  all  the  volatile  matter  or  gas  was  driven  off,  and  all  that  remained  in 
the  oven  looked  like  burnt  sand  mixed  with  some  small  lumps  of  coal.  No  fusing 
or  coking  was  noticeable. 

Arkansas  No.  2. 

Coking  test  No.  4- — Lump  coal  from  mine  No.  12,  Central  Coal  and  Coke 
Company,  Bonanza,  Ark.  Same  result  as  obtained  from  Arkansas  No.  1,  as  shown 
below: 

Analysis  of  Arkansas  No.  2  coal. 


Character  of  coal. 


Unwashed. 


Chemic- 
al labo-  xr/»««itnT«    Volatile      Fixed 
ratory    *iowiure.  matter,     carbon, 
number. 


1102 


Percent. 
2.31 


Per  cent.  Per  cent. 
17.41  I        68.73 


Ash.   . 

Sulphur. 

Per  cent. 
1.58 

Remarks. 

Per  cent. 
10.55 

Used  for  coking  test  No.  4. 

Coking 

test. 

Test  number. 

When  charged. 

Whendra^-n.        ^f^^    ch^ 

Remarks. 

4  (unwashed) 

Sept.  21, 10  a.m.. 

Hours.     Pounds. 
Sept. 26, 8a.m... i           118          8,150 

No  coke. 

The  coal  started  off  nicely,  producing  sufficient  gas  to  heat  the  crown  of  the 
oven  to  a  light-red  heat,  which  kept  up  for  about  24  hours,  when  the  charge  turned 
black,  and  the  oven  got  cold.  When  the  charge  was  drawn,  it  was  found  that 
the  gas  or  volatile  matter  had  been  driven  off' and  the  residue  was  in  the  shape 
of  sandy  ashes,  intermixed  with  a  few  pieces  of  coal,  nut  size.  No  fusing  or  coking 
could  be  observed.     Good  steam  coal,  but  noncoking. 

Arkansas  No.  3. 

CoJcing  test  No.  61, — ^Lump  and  slack  coal  from  mine  No.  18,  Western  Coal 
and  Mining  Company,  Jenny  Lind,  Ark.  This  w^as  an  experimental  charge  of  a 
small  amoimt  of  briquettes  made  from  unwashed  coal  and  placed  in  an  oven  with 
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a  coking  coal.    The  briquettes  contained  6  per  cent  of  hard  pitch,  and  they  pro- 
duced a  dense  coke  high  in  ash.     Following  are  the  results: 

Analyaia  of  Arkansas  No.  3  coal. 


Character  of  coal. 


Unwashed  mine  sample 


Chemio-I 
number. 


Per  cent. 
l.fiO 


Volatile      FUed 


matter. 


Per  cent. 
16.fi0 


carbon. 


Percent. 
72.00 


Ash. 


Percent. 
10.00 


Sulphur. 


Percent. 
1.40 


Remarks. 


Used  for  coking  test  No.  61. 


Coking  test. 


Test  number. 

When  chaivsd. 

When  drawn. 

Time  in 
oven. 

Coal 

chaivsd 

(dry). 

61  f  briauettes) 

Oct.  15,  4p.  m 

Oct.  18,9  a.m.... 

Hours. 
66 

Pounds. 

aoo 

Physical  and  chemical  properties  of  coke  produced. 


Oramsinl 
cubic  inch. 

Pounds 

in  1  culjic 

foot 

(dry). 

Com- 
pressive 
strength 
per  cubic 
inch  (one- 
fourth 
ultimate 
strength). 

Height 
of  fur- 
nace 
charge 

po%d 
without 
crushing. 

Hard- 
ness. 

Chemic- 
al Ubo- 
ratory 
number. 

Chemical  analysis. 

Test  number. 

Dry. 

Wet. 

Moist- 
ure. 

Volar 

tile 

matter. 

Fixed 
carbon. 

Ash. 

Sul- 
phur. 

61 

14.4 

54.72 

Pounds. 
190 

Feet. 

76 

2.3 

1299 

Perct. 
1.06 

Perct. 
2.80 

Perct. 
72.73 

Perct. 
23.42 

Perct. 
1.52 

To  ascertain  how  the  Arkansas  coal  would  act  if  mixed  with  some  additional 
binder,  a  box  of  briquettes  was  put  into  an  oven  with  some  other  coal  to  be  coked. 
The  briquettes  were  made  of  95  per  cent  of  coal  and  5  per  cent  of  pitch.  The 
results  showed  a  dense,  close  coke,  very  dirty,  with  a  poor  ring.  The  analysis 
shows  the  coke  to  be  high  in  ash  and  sulphur.  The  coke  stood  the  compression 
test  well,  but  the  hardness  was  below  standard.  Coke  made  in  this  way  could  be 
used  for  many  purposes,  but  for  metallurgical  fuel  it  is  not  desirable,  being  too  high 
in  ash  and  sulphur. 

Arkansas  No.  6. 

Coking  test  No.  68. — Slack  coal  from  mine  No.  18^  Western  Coal  and  Mining 
Company,  Jenny  Lind,  Ark. 

The  behavior  of  these  two  coals  in  the  ovens  was  practically  the  same  as  that 
of  Arkansas  No.  1,  except  that  No.  6  was  washed  and  the  percentage  of  ash 
shows  a  noticeable  reduction. 

The  charge  for  a  second  test  consisted  of  equal  parts  of  unwashed  coal  crushed 
and  mixed  with  8  per  cent  of  hard  pitch,  and  the  same  material  made  into 
briquettes  on  the  English  machine.  The  addition  of  the  pitch,  by  increasing  the 
volatile  matter,  caused  the  coal  to  fuse  and  produced  coke.  The  coke,  however, 
was  very  dark,  and  had  large  cells.     The  test  is  interesting,  since  it  shows  that  a 
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naturally  noncoking  coal  may  be  made  to  coke  by  the  addition  of  pitch.  This 
charge  weighed  8,000  pounds,  was  burned  42  hours,  and  yielded  4,056  pounds  of 
coke  and  539  pounds  of  breeze  and  ash.     The  results  of  this  test  are  as  follows: 

Analysis  of  Arkansas  No.  6  coal. 


1   Chem-    ' 
Character  of  coal.     |  q^V*^  iMoisture. 
'  number 


Washed. 


1538 


Percent. 
18.29 


Volatile 
matter. 


Per  cent. 
12.95 


caJb^.  i     '^^^-      S"lP^"'- 


Kemarks. 


Per  cent. 
62.54 


Per  cent.  Per  cent. 

6. 22  1. 22  I  Used  for  coking  teat  No.  58. 


Coking  test. 


Test  number. 


When  charged.         When  drawn. 


58  (washed) '  Dec.  8,  3  p.  m 


Dec.  12,  2  p.  m  . . . 


Time  in 
oven. 


Hours, 
95 


Coal 

charged 

(wet). 


Pounds. 
9,000 


This  coal  acted  the  same  as  the  other  Arkansas  coals.  The  gas  was  driven 
off  and  the  residue  was  in  the  shape  of  sandy  ashes,  intermixed  with  a  few  pieces 
of  coal  about  the  size  of  a  man's  fist.  No  fusing  or  coking  could  be  noticed.  The 
volatile  matter  was  exceedingly  low  in  this  coal. 

Arkansas  No.  6  Coal,  with  8  per  cent  of  Pitch. 

Coking  test  No,  55. — Slack  from  mine  of  Western  Coal  and  Mining  Company 
located  at  Jenny  Lind,  Ark. 

Results  from  mixture:  Dark-gray  coke,  no  metallic  ring,  high  in  ash. 

Analysis  of  Arkansas  No.  6  coal  and  pitch. 


Character  of  coal. 


Mixture . 


Chem- 
ical lab- 
oratory 
number. 


I 


Moisture. 


I  Volatile      Fixed 
matter,  i  carbon. 


I  Per  cent,  i  Per  cent. 


1518  I 


I 


17.25 


Per  cent. 
64.12 


Ash. 


Per  cent. 
14.04 


Sulphur. 


Per  cent. 
1.68 


Remarks. 


Used  for  coking  test  No.  55. 


Test  number. 


Coking  test  and  coke  prodxiction. 


65.. 


When  charged. 


Dec.  5.  3  p.  1 


i   I 


When  drawn. 


Dec.  7,9  a.  m... 


o 


1 


Hours.  I    Lbs.   \  Lbs. 
42  ,a7,3e0     2,699 


I 


Lbs. 
1,417 


-J 

o 


Lbs. 
4,056 


Lbs. 
539 


Per  cent  of  yield. 


32.9  i  17.7 


50.7 


6.7 


oCoal  only,  to  which  was  added  640  pounds  pitch,  making  8,000  pounds  of  coal  and  pitch. 
1403— No.  48,  pt  a— 06 23 
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Physical  and  chemical  properties  of  coke  produced. 


QramB  in  1 
cubic  inch. 

Pounds  in  1 
cubic  foot. 

PeroentagG 
by  volume. 

Teat 
num- 
ber. 

1 

1 

t 

i 

Coke. 
Cells. 

55.... 

13.7 

22.38 

52.06 

85.04 

*7 

53 

isll 


OJ  o  ^ 


L6». 
162 


65 


2.1 


1.88 


li 
I 
1 


1535 


Chemical  analysis. 


P.ct. 
4.06 


P.rt. 
2.77 


I 


P.c! 
76.63 


9 

I    3 


I 


P.d. 
16.54 


P.rt. 
1.43 


P.cf. 
0.05 


Coal  mixed  with  8  per  cent  of  pitch,  one-half  of  which  was  pressed  into 
briquettes,  the  balance  being  loose,  was  charged  and  lesulted  in  dark-gray  coke, 
with  large  cells  and  no  metallic  ring.  Ash,  sulphur,  and  phosphorus  were  high, 
and  hardness  was  low,  as  were  also  the  burden-bearing  qualities.  This  coke  was 
better  than  that  made  of  briquettes  made  from  Arkansas  No.  5  coal  and  can  be 
used  where  high  ash  and  sulphur  are  not  important  considerations.  \ 

Illinois  No.  1. 

Coking  test  No.  10. — Lump  and  nut  coal  from  mine  No.  1,  Western  Anthiacite 
Coal  and  Coke  Company,  O'Fallon,  111. 

This  test  was  made  on  a  charge  of  9,000  pounds  of  unwashed  coal,  which  was 
burned  for  43  hours.  It  produced  some  small  pieces  of  coke,  mixed  with  charred 
coal  and  ash.  The  coal  is  too  high  in  ash  (15.95  per  cent)  and  sulphur  (4.14  per 
cent)  to  produce  a  coke  fit  for  blast-furnace  use. 

Analxfsie  of  lUinois  No.  1  coal. 


Character  of  coal. 

Chem- 
ical lab- 
oratory 
number. 

Moisture. 

Volatile 
matter. 

Fixed 
carbon. 

Ash. 

Sulphur. 

Remarks. 

Unwashed '         1162 

Per  cent. 
10.46 

Per  cent. 
36.11 

Per  cent. 
37.48 

Per  cent. 
15.95 

Per  cent. 
4.14 

Used  for  coking  tiBst  No.  10. 

Coking  test. 


Test  number. 


10  (unwashed) . 


When  charged. 


When  drawn. 


Oct.  3,  3  p.  m. 


Oct.  5, 10  a.  m 


Time  In 
oven. 


Houn. 
43 


Coal 

charged 

(dry). 


Pounds. 
9,000 


Remarks. 


No  valuable  coke. 


The  coal  was  charged  into  a  very  hot  oven.  After  12  hours  the  charge  lay 
dead  and  it  required  some  extra  charges  of  wood  to  keep  the  oven  heated.  When 
discharged  the  oven  contained  some  small  pieces  of  coke,  mixed  with  charred  coal 
and  ashes,  not  fit  for  any  use. 


COKING  TESTS. 
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Illinois  No.  2. 

Coking  test  No.  9. — Slack  coal  from  the  same  mine  as  No.  1. 

This  coal  was  washed  (p.  1462)  before  charging  into  the  ovens,  reducing  the 
ash  to  9.19  per  cent.  The  amount  of  coal  charged  was  9,000  pounds,  which, 
after  burning  64  hours,  yielded  3,389  pounds  of  mixed  hard  and  soft  coke,  and  352 
pounds  of  breeze  and  ash.  The  coke  contained  20.18  per  cent  of  ash  and  2.75  per 
cent  of  sulphur. 

Andlysia  of  lUinoia  No,  2  coal. 


Character  of  coal. 

Chemi- 
ical  lab- 
oratory 
number. 

ICoiflture. 

Volatile 
matter. 

Fixed 
carbon. 

Ash. 

Sulphur. 

Remarks. 

TJnwanhfld . . , ,  r  . . . ,  r . . 

1162 
11.50 

Per  cent. 
10.46 
17.30 

Percent. 
36.11 
36.77 

Percent. 
37.48 
37.84 

Per  cent. 
15.05 
9.19 

Ptr  cent. 
4.14 
3.03 

Same  as  Illinois  No.  1. 

Washed 

Used  for  coking  test  No.  9. 

Coking  test  and  coke  production. 


When  charged. 

When  drawn. 

d 

If 

o 

! 

1 

o 
M 

o 

o  ^ 

*»  "^ 

o 

H 

1 
1 

Per  cent  of  yield. 

Test  number. 

1 

S 

1 

9  (washed).... 

Oct.  l,4p.  m 

Oct.  4,8  a.  m 

Hows. 
64 

Lbe. 
9,000 

Lbt. 
2,264 

Lb*. 
1,125 

Lhi. 
3,380 

Lbs. 
352 

26.1- 

12.5 

37.6 

3.9 

Physical  and  chemical  properties  of  coke  produced. 


Test 
num- 
ber. 


Qrams  in  1 
cubic  inch. 


13.2 


21.71 


Pounds  in  1 
cubic  foot. 


b 
Q 


i 


60.16     82.40 


Percentage 
by  volume. 


5 


48 


52 


8^6 


'is  § 


Lbs. 
135 


5g^ 

III 


Feet. 
54 


1 


1.87 


li 
ii 


1211 


Chemical  analysis. 


P.ct. 
1.67 


P.ct. 
283 


I 


P.ct. 
75.42 


P.ct. 
20.18 


P.ct. 
2.75 


I 


p.ct. 
0.030 


This  washed  coal,  which  is  from  the  same  mine  as  Illinois  No.  1,  produced  a 
fair-looking  coke.  Some  pieces  were  hard,  ynth  good  .cell  structure  and  metaUic 
ring,  while  others  were  soft  and  brittle,  of  grayish  color.  The  coke  was  lacking  in 
uniformity,  which  might  be  improved  by  proper  crushing  and  mixing  of  the  coal. 
Owing  to  the  high  percentage  of  sulphur,  which  appears  in  the  shape  of  gypsum 
in  the  coal  and  can  not  be  removed  by  washing  or  burning,  the  coke  can  not  be 
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used  for  blast  furnaces  or  cupolas,  but  it  will  be  useful  for  lead  or  zinc  works. 
The  washing  showed  that  a  large  amount  of  impurities  can  be  removed  and  that 
it  changed  the  coal  from  a  noncoking  to  a  coking  coal. 

Illinois  No.  3. 

Cohing  tests  Nos.  28  and  29. — Run-of-mine  coal  from  mine  No.  3,  Southern 
Illinois  Coal  Mining  and  Washing  Company,  near  Marion,  111. 

Two  charges  were  made  of  this  coal,  one  unwashed,  the  other  washed.  The 
unwashed  charge  of  9,000  poimds  was  tested  for  43  hours.  The  coal  lay  dead  in 
the  oven,  burning  on  top,  but  did  not  coke.  The  unwashed  coal  contained  10.59 
per  cent  ash.  The  washed  charge  carried  5.86  per  cent  ash,  being  a  reduction  of 
nearly  50  percent  (p.  1467).  This  charge  of  washed  coal  consisted  of  13,000  pounds 
and  was  burned  90  hours,  yielding  6,378  pounds  of  coke,  which  was  very  brittle 
and  which  broke  up  in  handling  into  fine-fingered  pieces.  The  breeze  and  ash  in 
this  oven  weighed  834  pounds. 

Analysis  of  Illinois  No.  3  coal. 


Character  of  coal. 


Unwashed. 
Washed.... 


,  Chemi- 

I  ical  lab- 

j  oratory 

number. 


1337 
1326 


Moisture. 


Volatile 


Per  cent. 
8.25 
9.52 


Per  cent. 
30.32 
32.05 


Fixed 
carbon. 


Per  cent. 
50.94 
62.57 


Ash.       Sulphur. 


Per  cent. 
10.59 
5.86 


Remarks. 


Per  cent. 

1.  i5  !  Used  for  coking  test  No.  29. 
1. 41     Used  for  coking  test  No.  38. 


Coking  test  and  coke  produttitm. 


Test  numbc'r.  I  When  charged. 


29  (unwashed) 
28  (washed)... 


Nov.  l,2p.  m .. 
Oct.  29,  2  p.  m.. 


When  drawn. 


Nov.  3, 9  a.  m  . 
Nov.  2,  8  a.  m  . 


d 

Coal  charged. 

£ 

1 

Per  cent  of  yield. 

1 : 

% 

8 

^^S 

1 

c 

y 

g 

-^ 

ol 

s 

OS 

1 :  ? 

b 

g> 

1 

2S 

o 

Si 

1 

OS 

s 

3 

11 

6^ 

f- 

Q 

Lbs. 

Lbs. 

E- 

n 

iJ 

58 

H 

cs 

rirs. 

Lb9. 

Lbs. 

Lbs. 

Lbs. 

43  1 

9,000 

90   13,000 

1,508 

4,870 

6,378 

834 

11.6 

37.4 

49.0      6.4 

Physical  and  chemical  properties  of  coke  produced. 


Test 
num- 
ber. 


28. 


Grams  in  1 
cubic  inch. 


Pounds  in  1 
cubic  foot. 


12.3  I  21.30 


Percentage 
by  volume. 


46.74  '  80.94 


45 


t 


ss 


210 


^  2 

CO? 


Feel. 
84 


^     il« 


I   1 


Chemical  analysis. 


2.0  '  1.84      1343 

t  1 


C 

3 

4.* 

pS 

s 

t 

Or 

n 

ti 

s 

3 

^ 

;S 

> 

< 

3 

p.  ct. 

P.ct. 

P.ct. 

P.ct. 

P.ct. 

6.11 

0.42 

82.55 

10.92 

1.13 

i 


P.ct. 
0.019 
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The  unwashed  coal  lay  dead  in  the  oven,  burnt  on  top,  but  would  not  coke. 
It  was  changed  to  a  coking  coal  by  washing.  The  coke  produced  was  all  in  fine- 
fingered  pieces,  none  thicker  than  1  inch,  and  very  brittle,  light,  and  friable, 
breaking  up  in  handling.  The  chemical  analysis  showed  ash,  sulphur,  and  phos- 
phorus to  be  about  the  same  as  standard.  The  cell  structure  was  high,  but  the 
hardness  and  burden-bearing  qualities  were  lower  than  those  of  Connellsville  coke. 
It  can  be  used  in  blast  furnaces,  but  is  better  for  cupolas. 

Illinois  No.  5. 

Coking  tests  Nos,  Jfi^  59,  and  60, — Grade  No.  5,  washed  slack  from  mine  No.  1, 
Donk  Brothers  Coal  and  Coke  Company,  Collins ville,  111. 

Three  tests  were  made  of  this  coal,  as  it  was  reported  that  it  had  been  coked 
successfully  in  pits.  All  of  the  coal  was  washed  before  charging  and  each  charge 
was  burned  for  42  hours.  In  the  first  test  the  coal  was  charged  as  it  was  received, 
but  no  coke  was  produced.  In  the  second  test  the  coal  was  re  washed  through  the 
New  Century  jig  (p.  1467),  but  it  was  charged  wet  and  the  oven  was  chilled  and  the 
coal  would  not  bum.  In  the  last  test  the  oven  was  heated  by  an  extra  charge  of 
coal  and  the  charge  was  made  in  a  red-hot  oven,  but  even  with  this  precaution 
the  coal  would  not  coke.  In  each  instance  the  coal  burned  out  on  top,  but 
otherwise  lay  dead  in  the  oven  and  would  not  coke  under  existing  conditions.  All 
of  the  Illinois  coals  are  too  high  in  sulphur  to  make  good  blast-furnace  coke. 


Analysis  of  lUiTwis  No.  5  coal. 

Character  of  coal. 

Chemi- 
cal lab- 
oratory 
number. 

«<>'•«-•  rt'r 

Fixed 
carbon. 

Ash. 

Sulphur. 

Remarks. 

Washed: 

No.l..... 

No.  2 

1454 
1546 
l.'»4 

1 

Per  cent. ,  Per  cent. 
17.86  1        31.65 
25.15          28.68 
14.60          30.76 

Per  cent. 
32.93 
36.99 
36.48 

Per  centp 
17.56 
9  18 
18.16 

Per  cent. 
3.25 
2.71 
3  44 

Used  for  coking  test  No.  45. 
Used  for  coking  test  No.  59. 
Used  tor  coking  test  No.  60. 

No.  3 

Coking  test. 


Test  numl)er. 


When  charged. 


When  drawn. 


45  (washed) Nov.  21,  3  p.  m  ...  j  Nov.  23.  9  a  m  . 

SO  (washed) Dec.  10,  3p.  m Dec.  12.  9  a.  m.. 

60  (washed) *  Dec.  13  3  p.  m i  Dec.  15, 9  a.  m.. 


Time  in 
oven. 

Hours.   , 
42  ' 
42 
42  ' 


Coal 
charged  , 
(wet).    I 


Remarks. 


Pounds,  f 
8,000  I 
5,000  I 
9,000 


No  coke. 
Do. 
Do. 


The  charge  lay  dead  in  the  oven.  It  burned  on  top,  but  would  not  coke, 
producing  only  charred  pieces  of  coal,  mixed  with  ashes.  Even  if  this  coal  had 
produced  coke  it  would  not  be  fit  for  metallurgical  purposes  on  account  of  its 
high  ash  and  sulphur. 
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Indiana  No.  1. 

Colcing  test  No.  61. — Run-of-mine  coal  from  Mildred  mine,  J.  WooUey  Coal 
Company,  Mildred,  Ind. 

This  coal  was  crushed  and  washed  (pp.  1463-1464).  The  charge  consisted 
of  8,000  pounds  and  was  burned  for  40  hours.  It  produced  3,473  pounds  of  fair 
coke  of  medium  weight,  bright  gfay,  but  brittle  and  rather  high  in  sulphur.  The 
breeze  and  ash  amounted  to  368  poimds. 

Analysis  of  Indiana  No.  1  coal. 


Character  of  coal. 

Cheml- 
callab- 
oratory 
number. 

Moisture. 

Volatile 
matter. 

Fixed 
oarbon. 

Ash. 

Sulphur. 

Remarks. 

Washed 

1407 

PercerU. 
16.53 

Per  cent. 
36.38 

Per  cent. 
40.05 

Percent. 
7.04 

Per  cent. 
2.03 

Used  for  coking  test  No.  51. 

CoJcing  test  and  coke  production. 


When  charged. 

When  drawn. 

d 
1 

a 

1 

1 

1 

M 
O 

0 

i 
1 

Per  cent  of  yield. 

Tert  number. 

1 

S 

H 

1. 
1- 

n  (washed).... 

Nov.  29,  4p.ro... 

Dec.  1,8  a.  m 

Hours. 
40 

Lbs. 
8,000 

Lbs. 
2,452 

Lbs. 
1,021 

Lbs. 
3,473 

Lbs. 
368 

30.6 

12.7 

43.4 

4.6 

Physical  and  chemical  properties  of  coke  produced. 


Test 
num- 
ber. 


61. 


Grams  in  1 
cubic  inch. 


12.8     21.15 


Pounds  in  1 
cubic  foot. 


48.64 


80.37 


Percentage 
by  volume. 


51 


Lbs. 
175 


Feet. 
70 


2.5     1.86 


I 


2! 

is 


f 

g 


1511 


P.ct. 
5.71 


Chemical  analysis. 


I 


p.ct. 
1.18 


P.ct. 
80.52 


g 

4 

< 

t 

OQ 

1 

P.ct. 

P.ct. 

P.ct. 

12.50 

1.60 

0.016 

The  coke  produced  was  of  a  light-gray  color,  with  a  fair  cell  structure,  in 
hardness  and  burden^bearing  qualities  not  up  to  standard.  With  proper  washing 
the  percentage  of  ash  could  be  reduced.  A  large  amount  of  sulphur  is  volatihzed  in 
coking.     The  coke. may  be  used  profitably  where  high  sulphur  is  no  disadvantage. 
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Indian  Terhitoht  No.  1. 

Coking  test  No,  6. — ^Lump  and  slack  coal  from  mine  No.  1,  Whitehead  Coal  and 
Mining  Company,  Heniyetta,  Ind.  T. 

This  test  was  made  on  8,095  pounds  of  unwashed  coal.  It  lasted  40  hours,  and 
nothing  but  ash  was  left  in  the  oven.     The  coal  showed  no  tendency  to  coke. 

Analysia  of  Indian  Territory  No.  1  coal. 


Character  of  coal. 

Chemical 
labora- 
tory 
niunoer. 

Motottue. 

VolatUe  '    Fixed 
matter,  i  carbon. 

Ash. 

Sulphur. 

Remarks. 

TTnwaffhfld 

1132 

Per  c€fU. 
10.29 

Percent.  Percent. 
31.46          44.39 

Per  cent. 
13.86 

Percent. 
1.34 

Used  in  coking  test  No.  6. 

Coking  test. 


Test  number. 

Whenohaised. 

When  drawn. 

Time  in 
oven. 

Coal 

chaiiged 

(dry). 

Remarks. 

6  (unwashed) 

Sept.  27,  4  p.m.... 

Sept.  29,  8  a.m... 

Howrt. 
40 

Poufid«. 
8,095 

No  ooke. 

The  coal  charge  burned  freely  with  a  hot  flame.  When  the  oven  was  drawn  it 
was  found  that  the  gas  was  driven  off  and  a  few  small  pieces  of  coke  had  been 
formed,  full  of  cracks.  The  balance  consisted  of  small  pieces  of  charred  coal  mixed 
with  fine  ashes.     It  is  a  good  steam  coal  but  not  coking. 

Indian  Territort  No.  2. 

.  Coking   teats  Nos.  11    and  12, — ^Run-of-mine   coal    from  mine  No.  8,  Rock 
Island  Coal  Company,  Hartshome,  Ind.  T. 

Two  tests  were  made  on  this  coal,  washed  and  unwashed.  Both  charges  weighed 
9,000  pounds.  The  unwashed  charge  was  burned  for  66  hours,  and  yielded  5,725 
pounds  of  coke  and  580  pounds  of  breeze  and  ash.  The  coke  was  very  soft,  shat- 
tered and  brittle,  and  somewhat  high  in  sulphur.  The  washed  charge  contained  one- 
third  less  ash  than  the  unwashed  (p.  1338).  It  was  burned  for  65  hours,  producing 
a  coke  which  was  hard  and  which  had  a  fairly  good  ring.  It  showed  considerable 
improvement  in  appearance  over  the  coke  made  from  unwashed  coal,  but  the  sul- 
phur content  was  higher. 
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Chemical 

Character  of  coal.     .  ^*o^^' 

'  number. 


Unwashed . 
WasbCKi.... 


1169 
1179 


Moisture. 


Analysis  of  Indian  Territory  No.  18  coal. 
Ash.     ;  Sulphur.  I 


VoIatUe  •    Fixed 
matter.  ,  carbon. 


Per  ceiU.  |  Per  cent. 
3.82  37.45 

4.45  ,        38.18 


Per  cent. 

48.74 
51.04 


Remarks. 


Per  cent. 
9.99 


Per  cent. ' 

1. 47     Used  for  coking  test  No.  11. 
1. 43     Used  for  coking  test  No.  12. 


Coking  test  and  coke  production. 


Coal  chained. 


Per  cent  of  yield. 


Test  number. 


When  charged.       When  drawn. 


11  (unwashed)., 

12  (washed)... 


Oct.  4, 1  p.  m . . .  Oct.  7,  9  a.  m . . . 
Oct.  5,  3  p.  m . . .  Oct.  8,  8  a.  m . . . 


Hrs.     Lbs. 


65  9,000 


2 

Lbs. 

Lbs. 

9,000 

2.367 

3,523 

1 


S 

» 


I  I 


J3 

8 


Lbs.      Lbs.   ;  Lbs. 


I  3,358  5,725 
1,157  4.680 


580  I 
255  : 


26.3 
39.1 


37.3 

12.8 


63.6  I 


6.4 

2.8 


Physical  and  chemical  properties  of  coke  produced. 


Test 
num- 
ber. 


11... 
12... 


Grams  in  1 
cubic  inch. 


Pounds  in  1 
cubic  foot. 


Q 


11.0 
11.6 


19.35 
20.11 


41.80 


73.53 
76.41 


Percentage 

Compressive  strength 
H         per  cubic  inch  (one- 
?         fourth        ultimate 
strength). 

Height     of     furnace 
charge     supported 
without  crushing. 

b 

by  vo 

o 

lume. 

4 

§ 

CO 

c 

1 

I- 

Feet. 

P.  (A. 

48         52            93 

37 

2.0 

1.88 

1212 

8.15 

49 

51 

178 

71 

2.5 

1.82 

1219 

.96 

Chemical  analysis. 


in  c 

« 

o 


I 

•2 


-•     I     o. 


P.ct. 

P.ct. 

P.ct. 

1.74 

75.68 

14.43 

2.59 

^5.33 

11.12 

P.ct. 
1.50 
1.75 


o 
.c 
a 

s 


P.c/. 
o.a'i 

.043 


From  the  unwashed  coal  was  produced  a  soft  coke,  shattered  and  brittle,  with 
high  ash,  sulphur,  and  phosphorus.  An  improvement  could  be  noticed  with  the 
product  from  the  washed  coal.  The  coke  had  a  good  appearance,  a  good  cell  struc- 
ture, and  its  hardness  and  burden-bearing  qualities  were  increased.  Sulphur  and 
phosphorus  are  high.  The  coke  had  a  good  ring.  As  the  sulphur  was  higher  in 
the  coke  from  washed  coal  we  must  assume  that  the  washing  was  not  very  effective 
and  could  be  improved. 

Indian  Territory  No.  3. 

Coking  tests  Nos.  21  and  22. — Run-of-mine  coal  from  mine  No.  1,  D.  Edwards 
&  Sons,  Edwards,  Ind.  T. 

Two  tests  were  made  on  this  coal,  the  first  being  on  12,000  pounds  of  unw^ashed 
coal,  burned  65  hours,  and  the  second  on  14,000  pounds  washed  coal,  burned  66 
hours.     The  washed  coal,   instead  of  showing  a  reduced  percentage  of  sulphur, 
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showed  a  gain  (see  analysis  below).     Neither  charge  yielded  coke.     The  ovens  when 
drawn  contained  small  pieces  of  charred  coal  and  ash. 

Analysis  of  Indian  Territory  No.  3  coal. 


Character  of  coal. 


Chemical 
labora- 
tory 
number. 


Unwashed . 
Washed... 


if/x{.t.t««    Volatile 


Fixed 
carbon. 


.\8h. 


-I- 


Sulphur.  I 


Remarks. 


1266 
1272  ! 


4.16  I 
5.03  i 


36.66 
38.05 


Pet  cent.  I  Per  cent:  Per  cent.\ 

49. 43  I         9. 75  3. 16  I  Used  for  coking  test  No.  21. 

48.53  1         7.49  I         3. 20  |  Used  for  coking  test  No.  22. 


Test  number. 


When  charged. 


Coking  test. 


When  drawn. 


21  (unwashed) Oct.  18,  5p.  m ;  Oct.  21,  10  a.  m. 

22  (washed) Oct.  19,  3  p.  m Oct.  22,  Oa.  m.. 


Time  in 

Coal  charged. 

oven. 

Wet.     1     Dry. 

Hours. 

Pound*.  '  Pounds. 

65 

'      12,000 

66 

14,000    

Remarks. 


No  coke. 
Do. 


In  both  tests  with  unwashed  and  washed  coal  the  same  results  were  obtained. 
The  coal  burned  freely,  the  gas  was  driven  off,  and  the  residue  consisted  of  a  few 
pieces  of  small  coke  mixed  with  charred  coal  and  ashes.  The  coal  is  a  good  steam 
coal,  but  noncoking  and  high  in  sulphur. 

Indian  Territory  No.  5. 

Coking  test  No.  48. — Slack  and  pea  coal  from  mine  No.  7,  Western  Coal  and 
Mining  Company,  Lehigh,  Ind.  T. 

This  test  was  made  on  10,000  pounds  of  washed  coal  (p.  1468)  and  was  con- 
tinued for  65  hours.  It  produced  some  small  pieces  of  coke,  fritted  together,  light 
and  soft.  The  general  conclusion  regarding  the  Territory  coals  tested  is  that  when 
properly  washed  they  will  produce  coke,  but  not  of  a  character  suited  for  iron  smelt- 
ing, as  the  sulphur  is  too  intimately  combined  or  mixed  with  the  coal  to  be  removed 

by  washing. 

Analysis  of  Indian  Territory  No.  5  coal. 


Character  of  coal. 


Chemical 
'  labora- 
tory 
I  number. 


Moisture. 


I  Volatile      Fixed    | 
matter,      carbon.  , 


I 


Washed. 


1476 


Sulphur. 


Remarks. 


I 


Per  cent.  \  Per  cent.  \  Per  cent.  \  Per  cent,  i  Per  cent. 


I 


8.U 


2.90  ,  Used  for  coking  test  No.  48. 


CoJcing  test. 

Test  number. 

When  charged. 
Nov.  25,  4  p.  m  . . . 

When  drawn. 

Time  In 
oven. 

Coal 

charged 

(we!). 

Remarks. 

48  (washed) . 

Nov.  28,  9  a.  m  ... 

Hours. 
65 

Pounds. 
10,000 

No  coke. 
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The  results  of  the  test  with  this  coal  were  small  pieces  of  light  coke,  nut  size, 
fritted  together,  very  friable  and  brittle,  being  easily  broken.  The  coke  may  be 
used  for  domestic  purposes,  but  is  useless  as  metallurgical  fuel.  Sulphur  in  coal  was 
very  high.     The  coal  must  be  considered  noncoking. 

Iowa  No.  1. 

Coking  teat  No.  SI. — ^Lump  and  fine  coal  from  mine  No.  2,  Anchor  Coal  Com- 
pany, Laddsdale,  Iowa. 

In  this  test,  as  in  all  those  on  Iowa  coals,  the  charge  was  of  washed  coal  (p.  1469). 
The  charge  weighed  9,500  pounds,  and  after  burning  46  hours  yielded  4,828  poimds 
of  coke  and  572  pounds  of  breeze  andiash.  The  coke  was  brittle,  with  cracks  length- 
wise and  crosswise 'through  it.     It  was  also  high  in  sulphur  and  ash. 

Analysia  of  Iowa  No.  1  coal. 


CtaAiacter  of  ooal. 

Chemical 
number.  \ 

VoUtUe 
matter. 

Fixed 
carbon. 

Ash. 

Sulphur. 

Remarks. 

Washed 

\  Per  cent. 
1356          12.84 

Per  cent. 
36.91 

Per  cent, 
41.00 

Per  cent. 
10.25 

Percent. 
4.61 

Used  for  coking  test  No.  31. 

Coking  test  and  coke  production. 


When  chained. 

When  drawn-. 

J 

'! 

^ 

1 

1 
1 

Per  cent  of  yield. 

Test  number. 

1 
1 

a 
g 

•a 

^ 
S 

1 

a 

1 

1 

3 

P 

5 

S 

^ 

n 

S 

& 

» 

Hours 

Lb9. 

Lbs. 

Lb8. 

Lb9. 

Lbs. 

31  (washed)  ... 

Nov.  3,  3  p.  m 

Nov.  5,  Ip.  m  ... 

46 

9,500 

916 

3,912 

4,828 

672 

9.6 

41.2 

50.8 

6.0 

Physical  and  chemical  properties  of  coke  produced. 


Test 
num- 
ber. 


31.... 


Grams  in  1 
cubic  inch. 


19.76 


Pounds  in  1 
cubic  foot. 


43.32 


Sis 


Percentage  !So£ 
by  volume.    ^g«s 

III 


49 


Lbs. 

180 


o     ^ 

Hi 


Feel. 
72 


2.2 


1.87 


31 


1371 


Chemical  analysis. 


P.ct. 
10.63 


I 

> 


p.ct. 
1.63 


I 


p.ct. 
70.39 


i 


p.ct. 
17.45 


P.ct. 
3.89 


P.ct. 
0.061 
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The  coke  produced  with  this  washed  coal  showed  cracks  lengthways  and  cross- 
ways.  It  was  very  brittle  and  broke  up  into  small  pieces  in  handling.  These  pieces 
seemed  to  be  fairly  hard  and  of  good  cell  structure.  The  ash,  sulphur,  and  phos- 
phorus are  high,  naking  the  coke  unfit  for  blast  furnace  and  foundry  purposes,  and 
the  smallness  of  the  pieces  would  make  it  undesirable  for  use  in  lead  or  2dnc  works. 

Iowa  No.  2. 

Coking  teat  No.  49. — ^Run-of-mine  coal  from  mine  No.  5,  Manmioth  Vein  Coal 
Company,  Hamilton,  Iowa. 

The  charge  in  this  test  consisted  of  10,000  pounds  of  washed  coal  (p.  1469), 
which  was  burned  for  64  hours.  The  coke  (3,866  pounds,  with  1,153  pounds  of 
breeze  and  ash)  was  all  in  small  pieces  sintered  together  and  with  no  bond. 

Analyna  of  Iowa  No.  £  coal. 


Character  of  coal. 

labora- 
tory 
number. 

Moisture. 

Volatfle 
matter. 

Fixed 
carbon. 

Aoh. 

Sulphur. 

Remarks. 

Wftiihed 

1483 

Percent. 
1&85 

Percent. 
35.44 

Percent. 
35.43 

Percent. 
10.28 

Percent. 
3.03 

Used  for  coking  test  No.  40. 

Coking  teat  and  coke  produeHan. 


Test  number. 

When  charged. 

When  drawn. 

Time  In 
oven. 

Coal 
charged 
(wet). 

Total 
coke 
made. 

Breeze 
and  ash. 

40  (washed) 

Nov.  26,  5  p.  m  . . . 

Nov.  20, 0  a.  m  . . . 

Houre. 
64 

Pound*. 
10,000 

Pound*. 
3,866 

Pound*. 

1,153 

This  charge  made  some  coke,  all  in  small  pieces,  sintered  together,  which  broke 
up  in  drawing  so  that  ash  and  breeze  formed  one-fourth  of  the  total  product. 
This  coke  could  be  used  only  for  domestic  purposes  and  would  not  be  very  desirable, 
even  for  such  use,  on  account  of  its  high  ash  and  sulphur.  The  small-sized  pieces  of 
this  coke  would  make  a  poor  fuel  at  lead  or  zinc  furnaces. 

Iowa  No.  3. 

CoTcing  test  No.  36. — Lump  coal  from  mine  No.  4,  Gibson  Coal  Mining  Company, 
Altoona,  Iowa. 

The  charge  in  this  test  consisted  of  8,000  pounds  of  washed  coal  (p.  1469),  which 
was  burned  for  43  hours.  It  yielded  3,336  pounds  of  fine-fingered,  brittle  coke  that 
was  high  in  sulphur  and  ash,  and  585  pounds  of  breeze  and  ash. 
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Arudysis  of  Iowa  No.  3  coal. 


Character  of  coal. 


Washed. 


Chemical  | 
labora-  iMni«t«f«    Volatile 
tory      Moteturo.|  matter, 
number.  I  [ 


Per  cent.  \  Per  cent. 
\        16.83  ;        39.27 


irhSS    '      Ash.      I  Sulphur. 


carbon 


Per  cent. ,  Per  cent.  Per  cent. 
35.87  8.03  4.55 


Bemaito. 


Used  for  coking  test  No.  35. 


Coking  test  and  coJce  production. 


Test  number. 


35  (washed)  . 


When  charged. 


When  drawn. 


s 

> 

o 

a 


1:^       I 


"g        8 


Nov.  8,  2  p.  m Nov.  10,  ^  a.  m  . , 


2       "4 


Per  cent  of  yield. 


r  !  I  :»      I 

<^        ^       H         n 


i !  I  i  1 


a 


Hours.      Lbs.       Lbs.     Lbs.   \  Lbs. 
43  :    8,000  '      865     2,471  I  3,336 

I'll 


Lbs. 
535 


i  ;  -,    II 


h      » 


10.8     30.9     41. 


Physical  arid  chemical  properties  of  coke  produced. 


Grams  in  1 

Pounds  in  1 

Percentage 

cubic 

J  inch. 

cubic  foot. 

by  volume. 

Test 

num- 

1 

ber. 

«; 

* 

s 

8 

35.... 

13.1 

22.42 

49. 78  [  85. 19 

43 

67 

73  6^ 

ill 

IS.2 


&I 


its 

p3 


1 


165  ! 


Feet.    I 

66  I 


t 

Ct 

s 

g 

- 

-     -   - 

5si 
^1 

6 

S  c 

9 

as 

E 

■D 

39 

O 

" 

::^ 

> 

P.ct. 

P.ct. 

1399 

5.73 

1.87 

Chemical  analysis. 


P.rt. 
75.49 


BD 


P.cf. 
16.91 


P.r/.   P.ct. 
4.57  I  0.018 


This  coal  made  a  brittle,  fine-fingered  coke,  in  small  pieces,  which  broke  up 
easily,  although  they  were  hard.  The  cell  structure  was  high  and  the  ash  and 
sulphur  very  high,  which  would  exclude  any  of  this  coke  from  metallurgical  use. 


Iowa  No.  4. 

Coking  test  No,  34- — Lump  coal  from  mine  No.  3,  Centerville  Block  Coal 
Company,  Centerville,  Iowa. 

The  coke  produced  in  this  test  was  of  the  same  general  character  as  that 
obtained  from  Iowa  No.  3,  except  that  it  was  not  quite  so  high  in  either  sulphur  or 
ash.  The  charge  consisted  of  8,000  pounds  of  washed  coal  (p.  1470),  which  was 
burned  for  40  hours,  producing  3,722  pounds  of  coke  and  426  pounds  of  breeze 
and  ash. 
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Character  of  coal. 


Chemical 
labora- 
tory 
number. 


Waahed. 


Moisture. 


1378 


Volatile 
matter. 


Fixed 
carbon. 


Per  cent.  Per  cent.  |  Per  cent. 
17.80  37.50  I        37.39 


Ash. 

Sulphur. 

Per  cent. 

Per  cent. 

7.14 

3.fiO 

Remarks. 


Used  for  coking  test  No.  34. 


Coking  test  and  coke  production. 


Test  number. 


34  (washed)  . . . 


When  charged: 


Nov.  7,  5  p.  m  . . 


When  drawn.  - 

I  Hours. 
Nov.  9,9  a.  ra  ...I         40 


Per  cent  of  yield. 

1 

■o 

s 

,      . 

a. 

arge. 
ediun 

1 

|1 

pq 

^   1  a 

H 

n 

Lbs. 

426 

13.9  1  32.0     46.S 

5.3 

Physical  and  chemical  properties  of  coke  produced. 


Grams  in  1     Pounds  in  1      Percentage 
cubic  inch,      cubic  foot.      by  volume. 


Test  j 
num-j 
ber. 


34.. 


Q     '     St 


.    12.6  '    21.6 


b 

^ 
« 

p 

i^ 

47.88 

82.08 

^ 

5 


45 


..§1 
113 

•  ""  rt  & 

pis 


lAa. 
160 


i||- 

§*§ 

o      ♦* 

eS 

III 

K 

14 

J'eei. 

64 

2.6 

1.82 


Chemical  analysis. 


The  coke  from  this  coal  showed  the  same  structure  as  the  other  Iowa  cokes. 
It  was  fine  fingered,  very  brittle,  and  broke  up  into  smaU  pieces.  The  cell  structure 
was  high,  ash  and  phosphorus  normal,  but  sulphur  very  high.  Lead  and  zinc 
works  could  use  it,  but  it  is  not  very  desirable  even  for  them  on  account  of  the 
small  size  of  the  coke. 

Iowa  No.  5. 

Coking  test  No.  Jfi. — Run-of-mine  coal  from  Inland  mine  No.  1,  Inland  Fuel 
Company,  Chariton,  Iowa. 

The  result  of  this  test,  made  on  9,000  pounds  of  washed  coal  (p.  1470),  and 
burned  for  66  hours,  was  a  mixture  of  unbumed  coal,  charred  coke,  and  ash. 
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Andlytis  of  Iowa  No.  6  coal. 


Character  of  coal. 

Chemical 
labora- 

number. 

Molfltare. 

VolatUe 
matter. 

Fixed 
carbon. 

Aah. 

Sulphur. 

RemarkB. 

Washed 

1410 

Per  cent. 
10.25 

Per  cent. 
31.07 

Percent. 
41.75 

Percent. 
7.03 

Per  cent. 
2.28 

Used  for  coking  test  No.  40. 

Coking  test. 


Test  number. 

When  charged. 

When  drawn. 

Time  In 
oven. 

Cool 

charged 

(wef). 

Remarks. 

40  (washed) 

Nov.  14, 3  p.  m  . . . 

Nov.  17, 0a.m... 

Houre. 
60 

Pound*. 
0,000 

No  coke. 

Though  this  washed  coal  started  off  very  well  in  a  hot  oven,  all  that  was 
gotten  out  of  it  was  unbumed  coal  mixed  with  pieces  of  charred  coal  and  ashes. 
There  was  no  sign  of  fusing  and  the  coal  was  manifestly  noncokmg. 

All  of  the  Iowa  coals  tested  are  too  high  in  sulphur  to  produce  blast-furnace 
coke,  and  as  the  sulphiu*  occurs  largely  as  gypsum  it  can  not  be  removed  by  washing. 
The  ash  is  also  high  in  relation  to  the  fixed  carbon. 

Kansas  No.  1. 

CoJcing  test  No.  5. — Rim-of-mine  coal  from  mine  No.  10,  Western  Coal  and 
Mining  Company,  Fleming,  Kans. 

In  making  this  test  a  charge  of  7,100  pounds  was  used,  and  this  was  burned 
for  120  hours.  At  the  end  of  the  period  the  charge  was  found  to  be  sintered  on 
top,  while  imder  this  sintering  was  a  thin  layer  of  hght  coke,  with  the  remainder 
of  the  coal  in  the  oven  uncoked  or  partly  burned. 

Analysis  cf  Kansas  No.  1  coal. 


Character  of  coal. 

Chemical 
labora- 
tory 
number. 

Moisture. 

VolatUe 
matter. 

Fixed    1     A.11 
carbon.  |     ^■**- 

Sulphur. 

Remarks. 

Unwashed 

1004 

Percent. 
8.10 

Per  cent. 
31.26 

Per  cent.  Per  cent. 
45.82  1        14.84 

Per  cent. 
4.48 

Used  In  coking  test  No.  3. 

Coking  test. 


Test  number. 


When  charged. 


8  (unwashed) j  Sept.  17,8a.m.... 


When  drawn. 


Sept.  22, 8  a.m.. 


Time  in 
oven. 

Coal 

charged 

(dry). 

Hours. 
120 

Pounds. 
7,100 

Remarks. 


No  coke. 
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The  results  were  the  same  as  m  the  tests  with  other  Kansas  coals.  The  coal 
lay  dead  in  the  oven  and  after  5  days  with  repeated  wood  charges  on  top  the  effort 
to  coke  it  was  abandoned.  Some  coke  was  produced,  in  pieces  about  12  inches  long, 
but  it  was  soft  and  spongy,  with  large  cells.  The  lower  part  of  the  charge  was  all 
uncoked  coal,  charred.  Ash  and  sulphur  are  high  in  the  coal.  The  ash  may  be 
reduced  by  washing,  but  the  sulphiu",  which  occiu's  as  gypsum,  can  not  be  removed 
either  by  washing  or  binning.  Laboratory  tests  conformed  with  coking  results, 
as  the  coal  was  shown  to  be  slightly  coking. 

The  washing  plant  was  not  finished  at  the  time  this  test  was  made,  so  it  was 
not  possible  to  get  any  washed  coal  for  a  test. 

Kansas  No.  2. 

Coking  test  No.  2, — Lump,  nut,  and  slack  coal  from  mine  No.  11,  Western 
Ck>al  and  Mining  Company,  Yale,  Kans. 

The  behavior  of  this  coal  in  the  oven  was  similar  to  that  of  Kansas  No.  1.     It 

showed  no  tendency  to  coke,  although  the  charge  of  9,125  pounds  was  burned  for 

159  hoiuB. 

Arudysia  of  Kansas  No.  2  coat. 


Character  of  ooal. 

Qiemical 
labora- 
tory 
number. 

Moisture. 

VolatOe 
matter. 

Fixed 
carbon. 

Ash. 

Sulphur. 

Remarks. 

Unwashed 

1087 

Per  cent, 
3.06 

Per  cent. 
30.46 

Per  cent. 
45.54 

Per  cent. 
20.04 

Per  cent. 
5.50 

Used  In  coking  test  No.  2. 

Coking  tegt. 


Test  number. 

When  charged. 

When  dn^wn. 

Time  in 
oven. 

Coal 

charged 

(dry). 

Remarks. 

2  (unwashed) 

Sept.l3,5p.m 

Sept.20,8a.m 

Hours. 
150 

Pounds. 
9,125 

No  valuable  coke 

This  coal  started  off  well  and  kept  up  combustion  for  some  time,  when  it  died 
out  and  the  coal  lay  dead  in  the  oven.  It  wouid  not  bum,  though  helped  along 
with  wood  placed  on  top  of  the  charge.  When  drawn,  it  showed  a  hard  scum  on 
top,  with  a  thin  layer  of  coke  next  to  it,  finishing  up  with  charred  and  raw  coal  at 
the  bottom  of  the  oven. 

Kansas  No.  3. 

Coking  test  No.  1. — Run-of-mine  coal  from  mine  No.  9,  Southern  Coal  and 
Mercantile  Company,  Scammon,  Kans. 

This  charge  consisted  of  11,300  pounds  of  unwashed  coal,  which  was  burned 
for  96  hours.  It  coked  for  about  12  inches  from  the  top,  while  the  remainder  was 
simply  charred  coal  and  ash. 
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Analysis  of  Kansas  No.  3  coal. 


Character  of  coal. 


Chemicai 
labora- 
tory 
number. 


Moisture. 


Volatile      Fixed 
matter.  !  carbon. 


Unwashed. 


Per  cent. 
1074  I         1.75 


Per  cent. 
32.95 


Per  cent. 
48.30 


Ash.       Sulphur. 


Remarks. 


Percent.   Percent. 

16. 91  5. 60     Used  in  coking  test  No.  1. 


Coking  test. 


Test  number. 


When  charged. 


1  (unwashed) '  Sept.  9, 8  a.  m . 


When  drawn. 

Time  in 
•ven. 

Coal 

charged 

(dry). 

Sept.  13,8a.m.... 

/fottr«. 
96 

Pounds. 
11,300 

The  coking  charge  started  off  well  and  after  4  days  was  drawn,  as  coking 
appeared  to  be  finished.  It  was  then  found  that  the  coking  process  had  extended 
only  from  4  to  6  inches  from  the  top,  forming  a  glazed  covering  with  some  cracks; 
under  this  w^as  a  spongy  coke  with  a  structure  much  honeycombed,  as  if  inflated 
by  bubbles  of  gas.  Below  this  was  uncoked  coal,  partly  charred.  The  large 
percentage  of  ash  was  clearly  noticeable  by  the  slate  and  brownish  lumps  intermixed 
with  the  honeycombed  structure.  It  is  apparent  that  this  coal  will  not  fuse 
sufficiently  to  produce  coke.  The  high  sulphur,  mostly  in  the  shape  of  gypsum, 
can  not  be  removed  either  by  washing  or  burning,  though  the  high  percentage  of 
ash  could  be  reduced  somewhat  by  washing. 

Kansas  No.  4. 

Coking  test  No,  43. — Lump  coal  from  Atchison  Coal  Mining  Company,  Atchison, 
Kans. 

This  coal  showed  more  of  a  tendency  to  coke  than  any  of  the  other  coals  from 
Kansas.  The  charge,  consisting  of  10,000  pounds,  was  burned  for  67  hours.  It 
yielded  5,213  pounds  of  hard  but  brittle  coke  and  432  pounds  of  breeze  and  ash. 
The  coke  is,  however,  too  high  in  sulphur  (6.15  per  cent)  for  use  in  an  iron  furnace, 
but  it  may  be  used  in  lead  and  zinc  smelters,  for  which  purpose  a  high  percentage 
of  sulphur  is  not  detrimental. 

Analysis  of  Kansas  No.  4  coal. 


Character  of  coal. 


Chemical 
1  labora- 
I     t«ry 
number. 


Unwashed. 


Moisture. 


Per  cent. 
6.63 


Volatile  i     Fixed 
matter,     carbon. 


Per  cent.   Per  cent. 


36.99 


43.45 


Ash.       Sulphur. 


Per  cent.  Per  cent. , 
12.93  7.19, 


Remarks. 


Used  in  coking  test  No.  43. 


COKING   TESTS. 
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Coking  test  and  coke  production. 


Teat  number.       When  charged. 


43  (unwashed).    Nov.  18,  2  p.  m  . 


1 

Time  in  oven. 

1 

H 

o 

Medium  coke. 

1 

S 

8 
1 

1 
1 

Per  cent  of  yield. 

When  drawn. 

i 

1 

Hours. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

I 

Nov.  21,9.  a.  ra.. 

67 

10,000 

3,642 

1,571 

5,213 

432 

36.4 

15.7 

52.1  ,      4.3 

Physical  and  chemical  properties  of  coke  produced. 


Grams  in  1     Pounds  in  1 
cubic  Inch.  '    cubic  foot. 


Test 
num- 
ber. 


C 


43....  13.30     21.48  ]  50.54     81.62 


Percentage 
by  volume. 


50 


5iS 

lilt 


Lbs. 
187 


^§1 

III 

75 


2.5 


1.92 


II 


Chemical  analysis. 


^ 

s 

£ 

«!:; 

aS 

5 

08 

*© 

^ 

> 

P.c/. 

P.C/. 

0.52 

1.68 

.a 


P.rt. 
79.82 


P.c/. 
17,98 


P.ct. 
6.15 


P.rt. 
0.0148 


This  coal  produced  a  hard  coke  of  good  cell  structure,  capable  of  carrying  a 
biu'den,  but  high  in  ash,  and  the  exceedingly  high  sulphur  makes  it  unfit  for  bli,st- 
furnace  or  foundry  purposes,  though  lead  and  zinc  works  could  use  it,  providing 
the  ash  can  be  reduced  by  washing. 

Kentucky  No.  1. 

Coking  test  No.  44- — Run-of-mine  coal  from  Straight  Creek  mine  No.  2  of  the 
National  Coal  and  Iron  Company,  Straight  Creek,  Ky. 

This  test  was  inade  on  10,000  pounds  of  unwashed  coal  burned  for  66  hours. 
It  produced  5,441  pounds  of  hard  coke,  which  was  fine  fingered  and  easily  broken 
into  small  pieces.     The  breeze  and  ash  weighed  355  pounds. 

Analysis  of  Kentucky  No.  1  coal. 


Character  of  coal. 


Chemicai 
labora- 

I     tory     i 
number. 


Moisture. 


Unwashed . 


1448 


'  Per  cent. 
j  2.71 


Volatile  |    Fixed 
matter,  i  carbon. 


Per  cerU. '  Per  cent. 
37.22  I        56.17 


Ash. 


Per  cent. 
3.90 


Sulphur. 


Remarks. 


I 


Per  cent.  \ 

1.23  I  Used  for  coking  test  No.  44. 


1403— No.  48,  pt  3—06 24 


1348 


OPERATIONS  OF   THE   COAL-TESTING  PLANT. 
Ccking  test  and  coke  prodrtetion. 


When  charged. 

When  drawn. 

a 

1 

1 

1 
1 

1 
i 

1 

1 

Per  cent  of  yield. 

Test  number. 

1 

:a 

1 

1 

44  (unwashed). 

Nov.  19, 3  p.  in... 

Nov.  22,  9  a.m.. 

Hourt. 
66 

Xfr«. 
10,000 

Lb9. 

3,953 

Lbs. 
1,480 

Lb9. 

5,441 

355 

30.5 

14.8 

54.4 

3.5 

Physical  and  chemical  properties  of  coke  produced. 


Grams  in  1 
cubic  inch. 


Test 
num- 
ber. , 


o 


Pounds  In  1 
cubic  foot. 


I 


Percentage   £  ^  ^ 
byvolxune.    g'gg 


y 


III 


B 
IS 


Chemical  analysis. 


IS 


a 

S 

.a 


44.... 


13.2 


21.38 


50.16 


81.24 


50 


50 


Lb9, 
167 


Fett, 

67 


2.8 


1458 


P.rt. 
1.48 


P.ct, 
0.83 


P.rf. 
02.34 


P.ct, 
5.35 


P.rt. 
0.84 


P.rt. 
0.036 


This  coal  made  a  good  coke,  which,  though  small  fingered,  like  most  of  the 
Kentucky  coke,  has  good  cell  structure,  but  the  hardness  and  burden-bearing 
qualities  are  not  up  to  standard.  Ash  and  sulphur  are  much  below  the  best 
Connellsville  coke,  but  the  phosphonis  Ls  a  little  higher.  The  color  and  ring  are 
good  and  the  coke  will  make  a  good  metallurgical  fuel. 

Kentucky  No.  2. 

Cohing  test  No.  42. — ^Lump,  nut,  pea,  and  slack  coal  from  mine  No.  11  of  the 
St.  Bernard  Mining  Company,  Earlington,  Ky. 

This  test  was  made  on  9,000  pounds  of  unwashed  coal.  It  was  burned  for 
42  hours,  but  showed  no  tendency  to  coke. 

Analysis  of  Kentucky  No.  £  coal. 


Character  of  coal. 


Chemi- 
cal lab> 
•ratery 
number. 


Moisture. 


Unwashed . 


1438 


Percent. 
8.66 


VolatOe 
matter. 


Per  cent. 
32.45 


Fixed 
carbon. 


Per  cent. 
41.13 


Ash. 


Sulphur. 


Remarks. 


Per  cent. 
17.76 


Per  cent. 
4.04  ! 


Used  in  coking  test  No.  42. 


COKING  TESTS. 
Coking  test. 


1S4» 


Teat  namber. 

When  charged.          When  drawn. 

Time  In 
oven. 

Coal 

charged 

(dry). 

Remarks. 

Nov.  17,  3  p.  m . . .    Nov.  19,  0  a.  m  .. . 

Hours. 
42 

Pounds. 
0,000 

No  coke. 

This  coal  produced  only  burned  ashes  mixed  with  some  raw  coal,  with  no  sign 
of  fusing.     The  moisture,  ish,  and  sulphur  in  the  coal  were  excessive. 

Kentucky  No.  3. 

Coleing  test  No.  47- — Run-of-mine  coal  from  Bamsley  mine  of  St.  Bernard 
Mining  Company,  Earlington,  Ky. 

In  this  test  the  charge  consisted  of  10,000  poimds  of  washed  coal  (p.  1470), 

burned  for  66  hours.  It  produced  a  coke  of  fair  quality,  of  good  color  and  ring,  but 

somewhat  high  in  sulphur.     It  produced  5,433  pounds  of  coke  and  426  pounds  of 

breeze  and  ash. 

Analysis  of  Kentucky  No.  3  cod. 


Chemi- 

Chamcterofcoal.        ^}^^ 

number. 

MoiBtiue. 

Volatile 
matter. 

Fixed 
carbon. 

Ash. 

Solphar. 

Remarks. 

Washed |         1466 

Per  cent. 
10.51 

Per  cent. 
37.33 

Percent. 
44.76 

Percent. 
7.40 

Per  cent. 
2.61 

Used  In  coking  test  No.  47. 

Coking  test  and  coke  production. 


Test  number.  I    When  charged.         When  drawn. 

I 


;  ,  I 

47  (washed) . . .1  Noy.  23, 3  p.  m . . .!  Nov.  26,  9  a.  m  . 

I  I 


§ 


Hours. 
66 


o 

I 

2 

.^4 

1 
1 

Per  cent  of  yield. 

8 

o 

■1 

O 

1 

1 

Total. 

Breeze  and 
ash. 

Lbs. 
10,000 

Lbs. 
3,953 

Lbs. 
1,480 

Lbs. 
6,433 

Lbs. 
426 

39.5 

14.8 

54.3 

4.2 

Physical  and  chemical  properties  of  coke  produced. 


Test 
num- 
ber. 


47... 


Grams  in  1 
cubic  inch. 


12.8 


i 


22.7 


Pounds  in  1 
cubic  foot. 


48.64 


I 


86.26 


Percentage  '■ 
by  Yolume. 


5  as 


56 


Lbs. 
190 


ft 

Feet. 
76 


2.4 


I 
if 


1.81       1484 


Chemical  analysis. 


P.cL 
0.14 


P.ct. 
0.56 


I 


P.ct. 
86.31 


4 

< 


p.ct. 
12.99 


I 


P.ct. 
2.16 


P.CL 
O.O0M 
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This  coal  made  a  good-sized  coke  with  a  medium  ring  and  of  good  color.  The 
cell  structure  vas  rather  high  and  the  coke  soft,  though  it  will  carry  a  burden. 
Phosphorus  was  low,  the  ash  above  standard,  and  the  sulphur  very  high,  making 
it  undesirable  for  blast-furnace  fuel. 

Kentucky  No.  4. 

Ooking  test  No,  Jfi, — Run-of-mine  coal  from  Wheatcroft  Coal  and  Mining 
Company,  Wheatcroft,  Ky. 

This  test  was  also  made  on  10,000  pounds  washed  coal  (p.  1471),  which  was 
burned  for  66  hours,  and  yielded  5,558  pounds  of  coke  and  313  pounds  of  breeze 
and  ash.  The  coke  was  of  good  color  and  ring,  but,  like  Kentucky  No.  4,  was  too 
high  in  sulphur  for  blast-furnace  use. 

Analysis  of  Kentucky  No.  4  coal. 


GhATActer  of  coal. 


Washed. 


Chemi- 
number.  !  I 


1450 


i  Per  cent,  l  Per  cent. 
I         6.18  <       39.07 


Fixed 


cirbS!.!  '^•»^-  ;8°ip^"'- 


Per  cent. '  Per  cent.   Per  cent.  I 


Remarks. 


48.70  . 


6.05 


2. 74     Used  in  coking  test  No.  46. 


Coking  test  and  coke  production. 


Test  number. 


46  (washed). 


When  charged. 


Not.  22, 2  p.  m . . 


When  drawn. 


I 


Nov.  25, 8  a.  m  . 


Ss 


o 


Hourt.     Lb9. 


J 


I 


Per  cent  of  yield. 


Lbt.      Lb9,      Lbt.     Lbt. 


66  ;  10,000  I  3,674  '  1,854  \  5,528  I  313  36.7 


2 
o 


18.5     65.2 


k3 


3.1 


Physical  and  chemical  properties  of  coke  produced. 


Test 
num- 
ber. 


Oramsinl 
cubic  inch. 


Founds  in  1     Percentage 
cubic  foot,      by  yolume. 


I 


14.4  I  22.42 


54.72 


o 


85.19 


Lbt. 
207 


111 

-«2 

^    2 

i 

Hi 

1 

a 

Feet. 

83 

2.9 

t 

g 

— 

>% 

*» 

> 

«l 

i 

g  c 

e 

^ 

a 

■§ 

1 

1 

00 

o 

a 

Chemical  analysis. 


o 
> 


I 


a   I  4 


Lp.rt.  P.ct.   P.  a.    p.  a. 

2.9     1.84  !    1475  '  0.52  '  0.(3    86.S0     12.35 


} 


P.ct.'  P.ct. 
2.37  [  0.015 


The  coal  produced  a  fair  coke,  of  good  color  and  ring;  stood  handling  fairly- 
well.  The  coke  was  hard,  of  good  cell  structure,  and  capable  of  carrying  a  high 
burden.     It  was  also  low  in  phosphorus.     The  ash  mig:ht  be  a  little  low^er,  and  its 
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amount  could  be  reduced  by  thorough  washing,  which  could  not  be  accom- 
plished at  the  testing  plaiit  because  of  the  small  amount  of  coal  available  for  washing. 
The  only  detriment  to  this  coke  appears  to  be  in  the  high  sulphur,  which,  unless 
eliminated,  will  prevent  its  use  in  blast  furnaces. 

Missouri  No.  2. 

Colcing  test  No.  26. — Run-of-mine  coal  from  mine  No.  8  of  the  Northwestern 
Coal  and  Mining  Company,  Bevier,  Mo. 

This  charge  consisted  of  12,000  pounds  washed  coal  (p.  1471),  which  was  coked 
for  87  hours.  It  yielded  5,040  pounds  of  long-fingered  brittle  coke,  having  large 
pieces  of  slate  mixed  through  it.  The  breeze  and  ash  amounted  to  580  pounds. 
The  coke  is  high  in  both  sulphur  and  ash. 

Analysis  of  Missouri  No.  2  coal. 


Character  of  coal. 


Chem- 
ical lab- 
I  oratory 

I  number.  I 


Moisture. 


Volatile      Fixed 
I  matter,     carbon. 


Ash. 


Sulphur. 


Remarks. 


Washed. 


Per  cerU.   Per  cent. ,  Per  cent. 
1304  14.14  I        35.53  ,        42.57 


Per  cent.  Per  cent.  \ 


7.76 


1.26  ,  Used  in  coking  test  No.  26. 


Coking  test  and  coke  production. 


Test  number. 


26  (washed) . . . 


When  charged. 


Oct.  25,  5  p.m... 


When  drawn. 


Oct.  29,  8  a.  m.. 


■o 

1 

g) 

o 

If 

1 

^ 

^ 

Hours. 

Lbs. 

87 

12,000 

s 


1 1  ^ 


Lbs.  I  Lbs.  I  Lbs. 
1,721  I  3,319  I  5,040 


i 

Per  cent  of  yield. 

1 

1  "O 

§ 

1  d 

s 

n 

1 

1 

^ 

Lbs. 

580 

14.3 

27.6 

42.0 

4.8 

Physical  and  chemical  properties  of  coke  produced. 


Test 
num- 
ber. 


96.. 


Grams  in  1      Pounds  in  1  ;  Percentage  l^i®     ;  §1 
mihip  inr.h-    I    oiihii*  foot.       bv  volume,   'hn?—     '    «♦ 


cubic  inch.    |   cubic  foot.    I  by  volume.  |^o«s 


11.75 


20.26 


44.65 


$  I 


76.98 


48 


6      « 

a 


I  llilllllf 


Lbs.    I    Feet,   j 
207  I  83  ,    2.3 


V 

I 
I 


I 

e 


1.86       1325 


Chemical  analysis. 


P.ct. 
3.45 


I 

2 


p.  ct.  \  p.  li. 
1.80  I  80.27 


3 


P.ct.    P.ct. 
14.48     2.79 


I 


P.ct. 
0.02 


This  charge  produced  long-fingered  coke,  very  brittle,  and  though  the  coal 
was  washed  large  pieces  of  slate  mixed  \vith  charred  coal  were  observed,  indicating 
that  the  washing  was  faulty.     The  cell  structure  was  high.     The  coke  might  have 
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been  harder,  though  its  burden-bearing  qualities  were  excellent.  The  ash  and 
sulphur  were  both  high  and  they  make  this  coke  undesirable  for  blast-furnace 
use,  though  it  will  do  very  well  for  lead  or  zinc  smelting  works. 

Missouri  No.  3. 

Cohing  test  No.  66. — Slack  coal  from  Mendota  Coal  and  Mining  Company, 
Mendota,  Mo. 

This  coal  showed  no  tendency  whatsoever  to  coke,  although  it  was  washed 
(p.   1465)  and  burned  for  42  hours. 

Analysis  of  Missouri  No.  3  coal. 


Character  of  coal. 

Chem- 
ical lab- 
oratory 
number. 

1 

MoU*««»    Volatile 
Moisture.'  ^^^, 

Fixed 
carbon. 

Ash.     1  Sulphur.                          Remarks. 

1 
1 

Waahed.... 1528 

Per  cent. 
24.15 

Per  cent. 
33.10 

Per  cent. 
35.51 

Percent. 
7.24 

Per  cent. 

2.74     Used  in  coking  test  No.  56. 

Cohing  test. 


Test  number. 


When  charged. 


I 
60  (washed) I  Dec.  6,  4  p.  m. 


When  drawn. 

Time  in 
oven. 

Coal 

charged 

(we?). 

Pounds. 
9,000 

Remarks. 

Dec.  8, 9  a.  m 

Hourt. 

41 

No  coke. 

This  coal  would  not  coke.  The  product  was  some  charred  coal,  mixed  with 
ashea. 

MissouKi  No.  4. 

Ooleing  test  No.  54- — Run-of-mine  coal  from  Morgan  County  Coal  Company, 
near  Bamett,  Mo. 

This  coal  produced  a  coke  of  fair  grade,  of  a  gray  color,  and  of  a  good  metallic 
ring.  The  charge  was  11,000  pounds  of  unwashed  coal,  and  yielded  4,905  poimds 
of  coke  and  128  pounds  of  breeze  and  ash.  The  coke,  however,  is  too  high  in 
sulphur  for  blast-furnace  use,  but  it  is  believed  that  the  quality  of  this  coke  could 
be  improved  by  washing  the  coal  before  charging  into  the  ovens. 

Analysis  qf  Missouri  No.  4  coal. 


Character  of  coal. 


Chem- 
ical lao- 
oratory 
numher. 


Unwashed . 


1613 


MAiatnn* '  Volatile      Fixed 
Moisture.,  n^^tter.  .  carbon. 


Per  cent. 
12.  (M 


Per  cent.  \  Per  cent. 
41.35  I        41.34 


Ash. 


Sulphur. 


Remarks. 


Per  cent.  I  Per  cent. 

5. 27  I        5. 14     Used  in  coking  test  No.  M. 
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Test  number. 


M  (unwaahed) . 


When  chaiged. 


Dec.  3,3p.m. 


When  drawn. 


Dec.  6,  8  a.  m . 


Hours. 


8 


Lbs. 
11,000 


Lbs, 
3,838 


Lbs. 
1,067 


•as 


Lbs. 
4,905 


Per  cent  of  yield. 


Lbs. 
128    34.0 


9.7 


44.6 


1.17 


Physical  and  chemical  proferiits  of  coke  produced. 


Grams  in  1 
cubic  Inch. 

Pounds  in  1 
cubic  foot. 

Percentage 
by  volume. 

Test 

. 

ber. 

Q 

1 

i 

1 

i 

54.... 

12.6 

17.55 

47.50 

66.60 

63 

37 

lis  i  ill 

u  1  W 


b 

o 


Chemical  analysis. 


I  w 


'I 

CO 


I    Lbs. 
87 


Feet. 


35  '    2.6 


1^ 


iP.rt. 
1.83  I    1519  I  2.61 


I 


I 
I 


P.  a.  p.ct, 

1.11  !  85.67 


P.ct. 
10.81 


P.d. 
4.60 


P.ct. 
0.018 


While  this  coal  yielded  a  fair  grade  of  coke,  it  was  with  exceedingly  low  cell 
structure  and  low  burden-bearing  qualities.  The  ash  and  phosphorus  are  of 
standard  proportions,  but  sulphur  is  unusuAlly  high,  making  this  coke  fit  only 
for  lead  or  zinc  works.  Washing  might  improve  it  some,  but  can  not  reduce 
the  sulphur  sufficiently  to  produce  a  high-grade  metallurgical  fuel. 

West  Vibqinia  No.  1. 

Coking  test  No.  H. — Run-of-mine  coal,  Virginia  and  Pittsburg  Coal  Company, 
Kingmont,  W.  Va. 

This  test  was  made  on  9,000  pounds  of  unwashed  coal.  The  charge  was 
burned  for  64  hours  and  yielded  5,572  pounds  of  coke  and  268  pounds  of  breeze 
and  ash.     The  coke  was  of  good  quality,  but  somewhat  brittle. 

Analysis  of  West  Virginia  No.  1  coal. 


Chemi- 

Character  of  col.       ^^ 

'  number. 

Moisture. 

VolatUe 
matter. 

Fixed 
carbon. 

Ash. 

Sulphur. 

Remarks. 

Unwashed 1205 

Per  cent. 
1.93 

Per  cent. 
36.50 

Per  cent. 
64.97 

Perceni. 
6.60 

Percent. 
0.88 

Used  in  coking  test  No.  14. 
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Coking  test  and  coke  production. 


Teat  number. 


When  charged. 


When  drawn. 


3 


14  (unwashed).    Oct.  8, 4  p.  m. 


Hours.     Lbs.    '  Lbs. 
Oct.  U,  8  a.  m. . .  64      9,000  I  2,847 


i 

0 

i 

Per  oont  of  yield. 

8 

o 

i_ 

I'l 

c 
*  . 

^ 

H 

PQ 

s       t-      n 

Lbs. 

L6«. 

/.b». 

2,725 

5,572 

268 

31.6 

30.3     61.9 

2.98 

Physical  and  chemical  properties  of  coke  produced. 


Teat 
num- 
ber. 


14. 


Qrams  in  1     Pounds  In  1     Percentage 
cubic  Inch.       cubic  foot,     by  volume. 


b 

Q 


12.3 


21.14 


b 

Q 


^      I    5 

5    I  5 


46.74  I  80.33  47  |      53 


Chemical  analysis. 


i  P.  ct. 


P.  ct. 
1.95  i 


^        I 

P.rt. 

87.47 


■ 

i 

3 

,e 

ii* 

o 

-< 

OQ 

0-i 

P.c/. 

P.  a. 

P.ct. 

10.18 

0.71 

0.029 

This  coal  produced  a  good  coke,  the  only  detriment  appearing  to  be  in  its  brit- 
tleness,  the  coke  breaking  up  into  small  pieces  with  repeated  handling.  This  was 
observed  under  the  same  conditions  which  will  obtain  w^hen  loading  and  unloading 
cars  and  getting  the  coke  into  the  furnace.  Otherwise  it  compares  well  with 
standard  Connellsville  coke,  as  the  ash  and  sulphur  are  lower,  with  phosphorus 
and  the  cell  structure  about  the  same.  The  hardness  of  the  coke  is  below  that 
of  Connellsville  and  so  are  the  burden-bearing  qualities.  As  other  West  Virginia 
coal  showed  an  improvement  in  this  respect  when  washed,  we  may  assume  that 
hardness  and  burden-bearing  qualities  of  this  coal  would  be  increased  by  washing. 
It  will  do  for  blast  furnaces,  cupolas,  and  for  all  metallurgical  purposes  in  which 
coke  is  used  as  a  fuel. 

West  Virginia  No.  2. 

Coking  tests  Nos.  15  and  16. — Run-of-mine  coal  from  Pitcaim  mine  of  the 
Pitcaim  Coal  Company,  Clarksburg,  W.  Va. 

Two  tests  were  made  of  this  coal,  unwashed  and  washed.  The  first  charge 
was  9,000  pounds  of  un'washed  coal,  producing  5,235  pounds  of  gray  coke,  somewhat 
brittle  and  high  in  sulphur  and  ash.  The  washed  coal  (p.  1471),  of  which  13,000 
pounds  was  charged,  showed  an  improvement  in  the  coke,  though  the  sulphur 
was  still  too  high  for  blast-furnace  use.  The  yield  from  the  second  charge  was 
7,808  pounds,  or  60  per  cent,  as  compared  with  58.2  per  cent  from  the  unwashed 
coal. 
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ATudysU  of  West  Virginia  No.  2  coal. 


Char.et.rof col.      i  „«^|S^.  MoUtun,.;  ^f "jH  ^Jj^l  |     A*.     |8„.phur., 
number. 


Remarks. 


I 


Unwashed  . 
Washed 


1218 
1217 


I  Per  cent. 

1.73 

!         3.98 


Per  rent. 
39.20 
39.76 


Per  cent. ;  Per  cent. 
50.85  I  8.22 
49.21  7.05 


Per  cent. 

3. 38     Used  in  coking  test  No.  15. 
2. 84     Used  In  coking  test  No.  16. 


Test  number.  !  When  charged. 


15 (unwashed).'  Oct.  11,  8  a.  m. 
Ifi  (washed) . .  .1  Oct.  11,  5  p.  m. 


Coking  test  and  coke  production. 


Coal  charged.! 


I      Per  cent  of  yield. 


When  drawn. 

1 
1 

1 

Lbs. 

Large  coke. 

Hra. 

Lbs. 

Lbs. 

Oct.  13, 10  a.  m . 

50 

9,000 

3,020 

Oct.  14,  9  a.  m . . 

64 

13,000 



4,593 

8 

9 


-1     1 


I     I      I 


V.     I    I 


Lbs.  I  Lbs.  I  Lbs.  > 


2,215 
3,315 


5,235 
7,808 


286 
302 


33.5 
35.3 


24.6 
25.5 


c 


58.1 
60.8 


3.5 
2.3 


Physical  and  chemical  properties  of  coke  produced. 


Grams  in  1 
cubic  inch. 


Pounds  in  1 
cubic  foot. 


Percentage 
by  volume. 


■ere 


Test 
num- 
ber. I 


t 

a 


15... 
16... 


14.13  I  21.98     53.-34 
18.9    I  26.77  ■  71.82 


'rJiitif 


83.52 
97.92 


52, 
58  ' 


48 
42 


Lbs. 
187 
240 


Feet. 
75 
96 


Chemical  analysis. 


2.5 
3.1 


1.94 
l.«» 


II  i 
I 


1246 
1247 


s 

1 

E 

V 

s 

« 

% 

"2 

*o 

o 

H 

•€ 

S 

> 

fe 

^ 

P.ct. 

P.ct. 

7..... 

P.rt. 

0.42 

0.68 

83.95 

14.95 

.59 

1.31 

86.70 

11.40 

p.ct 
3.40 
2.24 


P.cf. 

0.023 

.017 


The  coke  produced  from  this  coal  would  be  satisfacton^  if  it  were  not  so  high 
in  ash  and  sulphur,  which  unfits  it  f or  blast-fumace  use.  There  is  a  marked  improve- 
ment in  the  coke  after  the  coal  was  washed,  and  as  only  small  quantities  w^ere  avail- 
able to  run  tlirough  the  washer,  it  was  not  to  be  expected  that  the  proper  working 
results  could  be  obtained.  The  coke  from  the  washed  coal  was  very  hard  and 
had  good  burden-bearing  qualities  and  low  phosphorus.  The  cell  structure  is 
somewhat  below  that  of  the  Connellsville  coke,  which  makes  the  coke  very  heavy. 
It  is  brittle,  and  repeated  handling  caused  it  to  break  up  into  snxall  pieces. 

West  Virginia  No.  3. 

Coking  tests  Nos,  17  and  18, — Run-of-mine  coal  from  West  Virginia  Coal 
Company,  Richard,  W.  Va. 

Two  tests,  one  of  unwashed  and  one  of  washed  coal,  were  made  on  this  sample. 
The  charge  of  unwashed  coal  weighed  9,000  pounds  and  was  coked  41  hours.     It 
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yielded  5,929  pounds  of  coke  of  gray  color,  brittle  ^nd  somewhat  high  in  ash,  and 
364  pounds  of  breeze  and  ash.  The  washed  charge  (p.  1472)  weighed  14,000  pounds, 
was  coked  for  .66  hours,  and  yielded  9,070  pounds  of  coke  of  the  same  character 
as  noted  above  and  535  pounds  of  ash  and  breeze.  The  quality  of  the  coke  was  not 
improved  by  washing,  except  by  a  small  reduction  in  the  amount  of  ash. 

The  first  test  of  41  hours'  duration  gave  a  yield  of  65.9  per  cent,  the  second 
test  of  66  hours  gave  a  yield  of  64.8  per  cent. 

Arudygis  of  West  Virginia  No.  3  coal. 


Character  of  coal. 


Unwashed . 
Washed... 


Chemical 
labora- 
tory 
number. 


Moisture. 


Per  cctU. 
1230  I  2.25 
1249  4.11 


Volatile 
matter. 


Per  cent. 
30.60 
29.54 


Fixed 
carbon. 


Per  cent. 
57.40 
67.34 


Ash. 


Per  cent. 
9.75 
9.01 


I 


Sulphur. ' 


Remarks. 


Per  cent. 
0.99 
1.18 


Used  In  coldng  test  No.  17. 
Used  in  coking  test  No.  18. 


Coking  teat  and  coke  frodudion. 


d 

Coal  charged. 

i 

V 

M 

o 

1 

Per  cent  of  yield. 

Test  number. 

When  charged. 

When  drawn. 

c 

i 

i 

b 

1 

3 

j 

o 

1 

1 

1 

1 

1. 

tJ 

^ 

Q 

^ 

H 

CQ    i    ^ 

S 

H 

PQ 

Hr». 

LbM. 

Lbs. 

Lbs. 

Lb». 

Lbt. 

Lft«.  ' 

17  (unwashed) 

Oct.  13,  4  p.m.. 

Oct.  15,9  a.m.. 

41 

9,000     3,618 

2,311 

5,929 

364  ,  40.2 

25.6 

65.8 

4.0 

18  (washed)... 

Oct.  14,3  p.m.. 

Oct.  17,9  a.  m.. 

66 

14,000   6,042 

3,028 

9,070 

535     43.1 

21.6 

64.7 

3.8 

Physical  and  chemical  properties  of  coke  prodvced. 


Test 
num- 
ber. 


17... 
18... 


Grams  in  1     pounds  in  1 
cubic  inch,  j    cubic  foot. 


Q 


C 

Q 


16.2 
14.76 


23.56 
22.94  I 


61.56 
56.06 


89.52 
87.17 


Percentages 
by  volume, 


I 


54  i 

50  I 


a    5 


ii- 


II 

Si 

^  I 

w 


46 
50 


Lbs. 
200  > 
260  ' 


Feet. 
80 
104 


2.9 
2.8 


! 

I 


1.95 
1.94 


k 


1254 
1289 


Chemical  analysis. 


P.ct. 
0.22 


P.ct. 


.87 


I 

8 


P.ct. 
80.77 
84.48 


P.ct.  P.ct. 
18.18  '  0.93 
14.27  I  1.19 


o 

£_ 

p.ct. 

0.065 

.079 


The  coke  from  the  unwashed  coal  gave  a  gray  brittle  coke  that  had  no  ring. 
The  sulphur  was  fair,  but  the  ash  and  phosphorus  were  high.  An  improvement 
could  be  observed  in  the  coke  made  from  the  washed  coal,  as  it  showed  a  marked 
reduction  in  ash.  This  coke  was  of  good  color  and  ring,  and  with  some  experi- 
ments in  washing  there  appears  to  be  no  reason  why  this  coal  should  not  make 
a  good  coke.  The  small  amoimt  of  coal  run  through  the  washer  at  the  testing 
plant  was  not  enough  to  adapt  it  to  this  special  coal,  as  the  results  show.     Th.e  cell 
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structure  and  burden-bearing  qualities  had  been  increased  by  washing,  and  the 
coke  itself  was  less  brittle,  making  it  well  adapted  for  blast  furnaces,  providing 
the  high  phosphorus,  which  is  three  times  that  of  the  Connellsville  coke,  is  not 
detrimental.     It  would  do  better  in  a  cupola,  where  a  liquid  iron  is  desirable. 

West  Virginia  No.  4. 


Coking  testa  Nos.  19  and  20, — Run-of-mine  coal  from  West  Virginia  Coal 
Company,  Bretz,  W.  Va. 

This  coal  was  tested  washed  and  unwashed.  The  unwashed  charge  contained 
12,000  pounds.  It  was  burned  for  65  hours  and  yielded  8,907  pounds,  or  74.2 
per  cent  of  coke,  and  428  pounds  of  breeze  and  ash.  The  charge  of  washed  coa] 
(p.  1472)  weighed  9,000  pounds.  It  was  coked  for  42  hours  and  yielded  6,367 
pounds,  or  70.7  per  cent,  of  coke,  and  374  pounds  of  breeze  and  ash.  The  coke 
obtained  was  of  good  color,  but  was  somewhat  impaired  by  cross  fractures.  No 
improvement  was  noticed  as  a  result  of  washing. 

Analyaia  of  West  Virginia  No.  4  coal. 


ChAracter  of  coal. 


Chemical 
labora- 
tory 
number. 


Unwashed . 
Washed... 


1253 
1260 


Moisture. 


Percent. 
2.72 
3.47 


Volatile 
matter. 


Per  cent. 
27.62 
27.05 


Fixed 
carbon. 


Per  cent. 
59.16 
61.06 


I 


Ash.       Sulphur. 


Remarks. 


Per  cent.  X  Percent) 

10.50  '         0.86  I  Used  in  coking  test  No.  19. 
7. 53  I  .  74  !  Used  in  coking  test  No.  20. 


Coking  test  and  coke  production. 


Test  number. 


19  (unwashed) 

20  (washed) . . . 


When  charged. 


Oct.  15,  4  p.  m . . 
Oct.  17, 3  p.  m.. 


When  drawn. 


Oct.  18.9  a.  m.. 
Oct.  19,9  a.  m.. 


Hra. 
65 
42 


Coal  charged. 


Lbs. 
9,000 


Lbe. 
12,000 


I 
i 

i 


Lbe.      Lb9. 


Lbs. 


I 


5,285  I  3,622  '  8,907 
3,654  ;  2,713  |  6,367 


Lbs. 
428 
374 


Per  cent  of  jrleld. 


44.0 
40.6 


30.1     74.2 
30.1  i  70.7 


3.6 
4.1 


Physical  and  chemical  properties  of  coke  produced. 


Grams  in  1 
cubic  inch. 


Test  I 

num- 

ber.  I 


Q 


19.... 1 14.45 
20.. ..1 13.7 


22.14 
22.64 


Pounds  in  1 
cubic  foot. 


54.91 


84.13 


52.06     85.65 


Percentage 
by  volume. 


til 

HI 

fill 


Lbs. 
230 
210 


Feet. 
92 
84 


2.6  I  1.84 

2.7  ,  1.94 


1205 
1273 


Chemical  analysis. 


P.ct. 

0.62 

.20 


P.ct. 
1.43 
1.16 


I 


P.ct. 
86.10 
85.42 


P.ct. 
11.85 
13.23 


P.ct. 

0.82 

.60 


P,ct. 

0.031 

.019 
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A  gray  coke  in  large  pieces  was  produced  from  the  unwashed  coal.  It  had 
no  ring,  but  the  ash  and  sulphur  compared  well  with  that  of  Connellsville  coke. 
It  was  not  quite  so  hard,  but  had  good  burden-bearing  qualities.  The  cell  struc- 
ture is  a  little  high.  Washing  did  not  seem  to  improve  it  materially,  as  the  ash 
was  higher,  though  the  sulphur  was  lower,  showing  that  the  washing  was  not  per- 
fect. The  cell  structure  and  hardness  were  increased,  yielding  a  good  coke  of  fair 
color  and  ring.  It  was  brittle  with  cross  fractures,  which  increases  the  amount  of 
small  coke  in  the  repeated  handling  which  is  necessary  in  loading  and  unloading 
cars  to  get  the  coke  into  the  blast  furnace.  Properly  washed,  this  will  make  a 
good  metallurgical  coke,  adapted  for  all  purposes  where  coke  is  used  as  a  fuel. 

West  Virginia  No.  5. 

Coking  tests  Nos,  23,  24,  and  26, — Lump  and  nut  coal  from  Davis  Colliery 
Company,  Coalton,  W.  Va. 

Three  coking  tests  were  made  on  this  shipment — one  of  unwashed  and  one  of 
washed  run  of  mine,  crushed  before  coking  to  1 4  inches  in  diameter,  and  one  of 
pulverized  coal  washed  in  the  New  Century  jig  (pp.  1472-1473).  The  first  charge 
of  unwashed  coal,  weighing  13,000  pounds,  was  burned  for  64  hours  and  yielded 
8,298  pounds,  or  63.8  per  cent,  of  coke  and  497  pounds  of  ash  and  breeze.  The 
washed  charge,  weighing  13,000  pounds,  was  burned  66  hours.  It  yielded  7,163 
pounds,  or  55.1  per  cent,  of  coke  and  461  pounds  of  ash  and  breeze.  The  pul- 
verized coal,  weighing  10,000  pounds,  was  burned  69  hours  and  yielded  4,256 
pounds,  or  42.56  per  cent,  of  coke  and  229  pounds  of  ash  and  breeze.  The 
results  showed  that  the  coal  would  make  a  good  coke  if  the  ash  could  be  materially 
reduced.  Washing  in  this  case  lowered  the  percentage  of  ash  in  the  coke  from 
19.14  per  cent  in  the  first  test  to  14.81  per  cent  in  the  second  and  15.98  per  cent 
in  the  third.  The  results  of  these  tests  show  that  the  washing  of  this  coal  for 
coking  purposes  is  advisable. 

Analysis  qf  West  Virginia  No.  6  coat. 


Character  of  coal. 


Unwaahed 

Washed 

Washed  in  jig 


Chemical 
labora- 
tory 
number. 

Moisture. 

Volatile 
matter. 

Fixed 
carbon. 

Ash. 

Sulphur. 

1283 
1287 
1301 

Per  cent. 
2.43 
4.84 
19.50 

Per  cent. 
28.90 
28.12 
23.76 

Per  cent. 
58.55 
56.76 
48.55 

Per  cent. 
10.72 
10.28 
8.19 

Per  cent. 

0.90 

.91 

.79 

Remarks. 


Used  in  coking  test  No.  23. 
Used  in  coking  test  No.  24. 
Used  in  coking  test  No.  25. 
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Test  number. 


23  (unwashed) 

24  (washed)... 

25  (Jig  washed) 


When  charged.  I    When  drawn. 


'  Coal  charged. 


8 

3 


I  Hrs.  I  Lba.  I  Lbs.  !  Lbs. 

Oct.  21,  5  p.m.  J  Oct.  24,9  a.  m.. I      64  i 13,000  I  6,140 

Oct.  22,  3  p.m.. I  Oct.  25.0  a.  m..;      66  !  13,000  ,  4,269 


Oct.  25, 12m.... I  Oct.  28,9  a.  m. 


69    10,000; 3,136 


. 

i 

Per  cent  of  yield. 

Si 

o 

4 

—  — _ 

z 

«i 

1 

1                      -s 

1  c 

1 
1 

Total 
ma(] 

! 

1 

Lbs. 

Lbs. 

1 

2,158 

8,298 

497 

47.2  ,  16.6 

63.8  '    3.8 

2,894 

7,163 

461 

32.8  1  22.2 

55.1       3.5 

1,120 

4,256 

229 

S8.9 

13.9 

52.8       2.8 

Physical  and  chemical  properties  of  coke  produced. 


Test 
num- 
ber. 


23.. 
24.. 
25.. 


18.6 
16.0 
15.23 


Binl 

Pounds  in  1 

inch.       cubic  toot. 

by  volume. 

i 

h 

V 

i 

^         Q 

^ 

8 

^ 

1 
23.97     70.68  1  91.06 

61 

39 

23.20     60.80^88.16 

56 

44 

22.75 

67.87 

84.15 

54 

46 

If 


[I5  i 

^"11   fill 


II 

1= 


Chemical  analysis. 


Lbs. 
420 
375 
390 


Feet. 

168  I  3.1  I  1.90  '  1302 

150  -  2.7  1.89  '  1303 

LW  I  2.7  '  1.89  1317 


C 

ii 

a 

1 

o 

o 

1 
1 

g 

1 

i 

u 

9 

o 

s 

> 

^ 

-< 

do 

Pu 

p.  a. 

P.a. 

P.  a. 

p.  a. 

P.ct. 

/».rt. 

2.60 

1.12 

77.14 

19.14 

0.77 

0.067 

.42 

.43 

84.34 

14.81 

.83 

.068 

.27 

.78 

82.97 

15.90 

.82 

.067 

The  condition  of  this  coal  promised  a  good  coke,  except  for  the  presence  of 
slatC;  which  was  noticed  in  the  coal  and  was  more  evident  in  the  coke.  Conse- 
quently the  ash  was  high  in  the  latter.  Sulphur  was  low,  as  was  the  cell  structure, 
and  the  burden-bearing  qualities  of  this  coke  were  high.  The  phosphorus  was 
three  times  that  of  standard  coke.  The  improvement  by  washing  showed  increased 
cell  structure  and  a  reduction  of  ash.  The  hardness  and  burden-bearing  quaUties 
were  decreased,  the  sulphur  remaining  about  the  same,  but  phosphorus  higher. 
This  suggested  the  making  of  another  test,  when  the  coal  was  crushed  fine  and 
washed  in  the  jig  washer.  The  result  did  not  differ  materially  from  that  of  the  second 
test.  The  coke  was  very  dense,  of  grayish  color,  without  ring,  and  invariably  high 
in  ash.  It  stood  handling  well,  and  on  account  of  its  low  sulphur  may  be 
used  as  a  metallurgical  fuel,  providing  the  ash  is  reduced,  as  it  imdoubtedly  can 
be  by  careful  washing. 

West  Vibginia  No.  6. 

Coking  tests  Nos,  27,  SO,  and  33. — Run-of-mine  coal  from  the  New  River 
Smokeless  Coal  Company,  Rush  Run,  W.  Va. 

Three  tests  were  made  on  this  coal,  which  was  unwashed.  The  first  charge, 
consisting  of  13,000  pounds,  was  burned  for  90  hours,  and  yielded  8,303  pounds, 
or  63.9  per  cent,  of  light-gray,  soft  coke.     The  second  charge,  which  consisted  of 
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9,000  pounds,  was  burned  for  66  hours,  and  yielded  6,399  pounds,  or  71.1  per 
cent,  of  coke  of  somewhat  better  quality  than  the  first,  although  still  gray  and 
light.  The  third  charge  consisted  of  8,000  pounds  of  pulverized  coal.  It  was 
burned  for  44  hours,  and  yielded  5,849  pounds,  or  73.1  per  cent,  of  coke,  which 
was  dense  and  tough,  but  light  in  weight  and  color,  and  of  poor  ring. 

Analysis  of  West  Virginia  No.  6  coal. 


Charaoter  of  coal. 

Chemical 
labora- 
tory 
number. 

Moisture. 

VolatUe 
matter. 

Fixed 
carbon. 

Aah.     ;  Sulphur. 

Remarks. 

Unwaahed 

Do 

Unwaahed,  fine 

1316 
1344 
1373 

Percent. 
1.76 
2.27 
1.73 

Per  cent. 
21.48 
22.03 
21.12 

Per  cent. 
71.92 
70.30 
71.57 

Per  cent. 
4.84 
5.40 
5.58 

Per  cent. 

0.55 

.88 

.64 

Used  in  coking  test  No.  27. 
Used  in  coking  test  No.  30. 
Used  in  coking  test  No.  33. 

Coking  test  and  coke  production. 


Test  number. 


2i  (unwashed). 
30  (unwashed) , 
33  (unwashed) . 


When  charged. 


Oct.  28, 2p.  m 

Nov.  2,2  p.  m 

Nov.  5, 6  p.  m 


c 

L 

When  drawn. 

•8b 
s 

Hours. 

Lbi. 

Nov.  1,8a.  m.... 

90 

13,000 

Nov.  5, 8  a.  m 

66 

9,000 

Nov.  7, 1  p.  m 

44 

8,000 

s 


Lbs. 
5,285 
4,161 
3,832 


I 


I 


Lb9. 
3,018 
2,238 
2,017 


Lbs. 
8,303 
6,309 
5,848 


Lbs. 
381 
382 
273 


Per  cent  of  yield- 


40.7 
46.2 
47.9 


23.2 
24.9 
26.2 


63.9 
71.1 
73.1 


S. 


2.9 
4.2 
3.4 


Physical  and  chemical  properties  of  coke  produced. 


Test 
num- 
ber. 


27.... 
30.... 


Grams  in  1 
cubic  inch. 


10.46 

13.2 

12.5 


Pounds  in  1 
cubic  foot. 


Percentage  |< 
by  volume. 


19.46 

30.75 

74.94 

22.04 

50.16 

83.76 

22.14 

47.50 

84.13 

» 

5* 

^ 

o 

46 

55 

45 

56 

41 

69 

Lbs. 
187 
200 
216 


Ih 


Pi 


Feet. 
75 
80 
86 


2.2 
2.7 
2.7 


1.77 
1.87 
1.79 


& 

Chemical  analysis. 

•M 

u 

1 

1.8 

S 

J 

1 

H 

"^fl 

^ 

f 

•o 

> 

t 

< 

1 

P.ct. 

p.ct. 

p.ct. 

p.ct. 

P.ct. 

1336 

2.83 

2.17  \  80.84 

6.16 

0.69 

1370 

.36 

1.34  !  93.04 

6.26 

.76 

1379 

1.89 

1.83 

88.80 

7.48 

.69 

P.et. 

0.006 
.007 
.006 


The  coke  made  from  the  run-of-mine  coal  showed  a  very  low  ash  and  low 
sulphur  and  phosphorus,  but  it  was  gray,  soft,  and  rather  light.  The  cell  struc- 
ture was  above  standard;  the  burden-bearing  quaUties  and  hardness  were  lower 
than  desirable.  This  suggested  crushing  the  coal  for  a  second  test,  which  increased 
its  hardness  and  enabled  it  to  carry  a  heavier  burden.  Though  the  cell  structure 
remained  the  same,  the  color  was  improved  and  the  coke  was  heavier.     Ash, 


COKING   TESTS. 
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sulphur,  and  phosphorus  were  about  the  same  as  before.  A  third  test  was  made 
with  powdered  coal  in  which  the  results  did  not  diflFer  very  much  from  the  pre- 
vious ones,  except  that  the  coke  seemed  denser,  was  darker,  and  had  a  poor  ring. 
The  ash  was  somewhat  higher.  Sulphur  and  phosphorus  the  same  as  before,  as 
was  also  hardness,  but  burden-bearing  qualities  were  increased.  As  this  coal  is 
low  in  volatile  matter  it  is  recommended  that  it  be  mixed  with  others  higher 
in  volatile  matter;  that  it  be  coked  in  a  retort  oven,  where  a  coke  can  be  produced 
which  will  possess  all  the  qualities  of  a  standard  coke  and  will  be  much  superior  to 
it  on  accoimt  of  its  low  ash,  sulphur,  and  phosphorus. 

West  Virginia  No.  7. 

CoJcing  test  No.  37. — Rim-of-mine  coal  from  the  New  River  Smokeless  Coal 
Company,  Sun,  W.  Va. 

This  test  was  made  on  unwashed  coal,  the  charge  weighing  8,000  pounds. 
It  produced  5,119  pounds,  or  64  per  cent,  of  coke  of  good  size  and  quaUty,  but 
rather  dark  in  color. 

Andlygis  of  Wett  Virginia  No,  7  coal. 


Character  of  coal. 

Chemical 
labora- 
tory 
number. 

MolBture. 

VolatUe 
matter. 

Fixed 
carbon. 

Ash. 

Sulphur. 

Remarks. 

Unwaahed 

1398 

PercefU. 
3.85 

Per  cetU. 
20.55 

Per  cent. 
70.58 

Per  cent. 
5.02 

Percent. 
1.36 

Used  In  coking  test  No.  37. 

Coking  test  and  coke  production. 


When  charged. 

When  drawn. 

B 

o 

s 

1 

1 

o 

M 
O 

o 

1 
1 

Per  cent  of  yield. 

Test  number. 

1 

1 

, 

\i 

^ 

o 

pA 

S 

H 

n 

* 

H 

n 

Hours. 

Lbe. 

L*19. 

Lbt. 

Lb». 

Lbt. 

37  (unwashed). 

Nov.  10,  Ip.xn 

Nov.  12,9  a.m... 

44 

8,000 

3,478 

1,641 

5,119 

287 

43.4 

20.5 

63.9 

3.6 

Physical  and  chemical  properties  of  coke  produced. 


Test 
num- 
ber. 


37.... 


Grams  in  1 
cubic  foot. 


10.3 


19.46 


Pounds  in  1 
cubic  foot. 


39.14 


73.94 


Percentage 
by  volume. 


i 

8 


44 


56 


Lbn. 
225 


:ii 


5P 


Feet. 
90 


2.4 


1.80 


li 


1414 


P.ct. 
0.67 


Chemical  analysis. 


P.ct. 
1.23 


P.ct. 
90.40 


P.cU 
7.70 


P.ct. 
1.03 


P.cL 

o.ooa 
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A  good-sized  coke,  having  all  the  appearance  of  a  good  fuel,  was  produced. 
Ash,  sulphur,  and  phosphorus  show  up  well,  though  the  coke  is  softer  than  stand- 
ard Connellsville  coke,  and  its  cell  structure  rather  high.  It  has  good  burden- 
bearing  qualities,  but  breaks  up  into  small  pieces  with  repeated  handling. 

West  Virginia  No.  8. 

Coking  test  No.  38. — Run-of-mine  coal  from  Gauley  Mountain  Coal  Companj^ 
Ansted,  W.  Va. 

This  test  was  made  on  11,000  pounds  of  unwashed  coal,  which  was  burned 
for  66  hours  and  yielded  7,124  pounds,  or  64.7  per  cent,  of  coke,  and  589  pounds 
of  ash  and  breeze.  The  coke  was  hard,  of  good  color,  although  of  somewhat 
irregular  cell  structure. 

Analysis  of  West  Virginia  No.  8  coal. 


Character  of  coal. 


Chemical 
labora- 
tory 
number. 


Unwashed . 


1406 


Moisture. 


Volatile 
matter. 


Per  cent.  1  Per  cent. 


3.82  { 


31.77 


Fixed 
carbon. 


Per  cent. 
.'>7.21 


Aah. 


Per  cent. 
7.20 


Sulphur. 


Remarks. 


Per  cent. 

0.8D     ITsed  in  coking  test  No. 


Coking  test  and  coke  production. 


Teat  number. 


When  charged. 


When  drawn. 


38  (unwashed)  '  Nov.  11, 3  p.  m  . . .'  Nov.  14, 9  a.  m. . . 


e 

h 

1 

O 

^ 

ZJ 

Hours. 

Lbs. 

66 

11,000 

i 

M 

i 
1 

i 

Per  cent  of  yield. 

1 
1 

1 

1 

o 

c  ^ 

«  a 

o 

1 

1 

3 

^4 

M 

^ 

b^ 

n 

^ 

^ 

a 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

4,514 

2,610 

7,124 

589 

41.0 

23.7 

64.7 

5.3 

Physical  and  chemical  properties  of  coke  produced. 


Grams  in  1 
cubic  Inch. 

Pounds  in  1 
cubic  foot. 

Percentage 
by  volume. 

Test 

1 

num- 
ber. 

i 

1 

1 

38.... 

1 
16.2  *  23.89 

61.56 

90.78 

53 

47 

fi- 

»— -   • 


Lbs. 
200 


Feet. 
8.0 


^ 

Chemical  analysis. 

li 

t 

1 

matter, 
rbon. 

i. 

1 

•|c 

s 

olatilo 
Ixedca 

4 

1 

o 

ti 

c» 

^ 

S 

> 

^ 

<             M 

^ 

P.ct. 

P.ct. 

P.ct. 

P.  ct.  \p.ct. 

r.rt. 

3.0 

1.92 

1418 

2.79 

0.53 

82.87 

14.31 

0.77 

0.0116 
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The  coke  made  of  this  coal  would  be  considered  very  fine  if  it  did  not  show 
cross  fractures  which  tend  to  make  it  brittle.  It  has  a  good  color  and  a  metalUc 
ring,  and  is  low  in  sulphur  and  phosphorus,  though  the  ash  is  somewhat  high. 
It  is  hard  and  will  cany  a  good  burden.  The  cell  structure  is  irregular  and  by 
repeated  handling  the  coke  broke  up  into  small  pieces.  The  coal  showed  a  large 
amount  of  slate,  appearing  again  as  ash  in  the  coke,  which  could  be  reduced 
by  washing. 

West  Virginia  No.  9. 


CoJcing  tests  Nos.  50  and  53. — Run-of-mine  coal  from  Vulcan  mine  of  the 
Mount  Carbon  Coal  Company  (Limited),  Powellton,  W.  Va. 

Two  tests  were  made  on  this  coal,  the  first  being  unwashed,  the  second 
washed.  The  unwashed  charge  weighed  10,000  pounds,  and  was  burned  40  hours. 
It  yielded  6,084  pounds,  or  60.8  per  cent,  of  coke,  and  314  poimds  of  breeze  and 
ash.  The  coke  was  heavy  and  grayish  in  color.  It  was  of  good  quality,  though 
slightly  brittle.  The  coke  from  the  washed  coal  (p.  1473)  showed  much  improve- 
ment over  that  from  the  unwashed  coal,  and  could  be  considered  a  high-grade 
coke.  The  charge  of  washed  coal  weighed  11,000  pounds,  burned  for  66  hours, 
and  yielded  6,803  poimds,  or  61.8  per  cent,  of  coke,  and  only  78  pounds  of  ash 
and  breeze. 

Arudyais  of  West  Virginia  No.  9  coal. 


Character  of  coal. 


Chemical  i 

labora-    MoiBture  i  Volatile 
tory      *io"t«re|  matter, 
number.  I 


Unwashed . 
Washed... 


'  Percent.\  Percent. 
1489  '  3.81  I        31.06 


1510  I 


6.74 


32.14 


Fixed 
carbon. 


Ash.      !  Solphar.  i 

I  I 


Remarks. 


Per  cent. 
57.04 
57.61 


I  I 

Per  cent,  i  Per  cent. ' 

8.07  I         0.83  I  Used  in  coking  test  No.  50. 

4.51  I  .90  I  Used  in  coking  test  No.  53. 


Coking  test  and  coke  production. 


Coal  charged. 

1 
1 

1 

M 

1 

Per  cent  of  yield. 

Test  number. 

When  charged. 

When  drawn. 

1 

li 

o 

1 

1 

1 

H 

P9 

50  (unwashed). 
53  (washed)... 

Nov.  28,4  p.m.. 
Dec.  2,2p.m... 

Nov.  30, 9  a.m.. 
Dec.  5,8  a.m... 

Hrt. 
43 

66 

Lb8. 

11,000 

Lbs. 
8,000 

Lbs. 
3,989 
5,023 

Lbt. 
2,095 
1,780 

Lbs. 
6,064 
6,803 

Lbs. 

314 

78 

49.8 
45.6 

26.2 
16.2 

76.0 
61.8 

3.9 

.7 
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Physical  and  chemical  properties  ofccke  produced. 


Orams  in  1 
cubic  inch. 

Pounds  in  1 
cubic  foot. 

Percentage 
by  volume. 

\h 

fiboratory 
her. 

Chemical  analysis. 

Test 

t 

i 

g 

num- 
ber. 

b 

i 

b 

i 

% 

• 

Dmpressiv 
per  cubic 
fourth    u 
strength) 

eight     ol 
charge 
without  c 

1 

1 

f 

3 

o 

B 

1 

-s 

K 

•s 

1 

E 

o 

! 

ft 

^ 

ft 

^ 

i 

^ 

u 

W 

K 

CO 

^ 

'^ 

> 

P.c£. 

^ 

-< 

en 
P.rt. 

&< 

Lhs. 

Feet, 

P.ct. 

P.ct. 

p.  rt. 

P.rt. 

60.... 

18.8 

23.68 

71.44 

80.98 

64 

36 

227 

91 

2.8 

1.84 

1503 

0.29 

2.4l 

88.15 

9.15 

0.82 

0.0094 

53.... 

15.1 

22.46 

57.38  1  85.34 

1 

55 

45 

360  '        145 

1 

2.9 

1.87 

1517 

.27 

.62 

91.73 

7.38 

.77 

.012 

A  heavy  coke  of  gray  color  and  slightly  brittle  was  the  product  from  this 
coal.  In  ash,  sulphur,  and  phosphorus  it  is  equal  to  the  best  Connellsville  coke, 
with  which  it  compares  well  in  burden-bearing  qualities,  though  it  is  slightly  softer. 
The  very  low  percentage  of  cells  makes  this  coke  very  dense.  By  washing  this 
coal  the  ash  and  sulphur  showed  a  further  reduction,  the  coke  was  harder,  the 
cell  structure  was  improved,  and  it  will  carry  a  heavier  burden.  The  washed 
coal  produced  a  coke  which  is  much  superior  to  that  made  from  the  unwashed 
coal  and  which  stands  rough  handling  well. 

West  Virginia  No.  10. 

Coking  test  No.  39, — Lump  and  run-of-mine  coal  from  Stuart  M.  Buck,  Mora, 
W.  Va. 

This  test  was  made  on  11,000  pounds  of  unwashed  coal.  It  was  burned  for 
68  hours  and  yielded  7,858  pounds,  or  71.4  per  cent,  of  good,  hard,  heavy  coke, 
slightly  off  color,  and  429  pounds  of  ash  and  breeze. 

Ajudysis  of  West  Virginia  No.  10  coal. 


Character  of  coal. 


Chemical 
labora- 
tory 
number. 


Unwashed. 


Moisture. 


Per  cent. 
1415  I  1.62 


Volatile      Fixed    '      .„,,        o„i„i,„, 
matter,     carbon.'     -^«^-       Sulphur. 


Per  cent,  i  Per  cent. 
18.36  '        74.65 


Per  cent.  \  Per  cent. 
5.37  I         0.61 


Remarks. 


Used  in  coldng  test  No.  39. 


Coking  test  and  coke  production. 


Test  number. 


When  charged. 


39  (unwashed) .   Nov.  12, 1  p.  m . 


When  drawn. 


Nov.  15,9  a.m. 


"i 

g 

h 

^ 

.s 

•a 

1 

1 

2 

s 

!<mrs. 

Lbs. 

Lbs. 

Lbs. 

68 

11,000 

5,631 

2,227 

M 

1 

Per  cent  of  yield. 

O 

si 

.     1 

s 

3          ri 

h 

♦a  '^ 

O 

g 

?      '     1 

Sq« 

H 

CQ 

^          ^ 

PQ 

Lbs. 

Lbs. 

i 

7,858 

429 

51.2  1  20.2     71.4  ;      3.9 

1                        1 
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Physieal  arid  chemical  properties  of  coke. 


cubic  inch. 

Pounds  in  1 
cubic  foot. 

Percentage 
by  Tolume. 

Teat 
num- 
ber. 

ft 

1 

A 

1 

i 

39.... 

U.7 

22.55 

55.86 

85.» 

52 

48 

Chemical  analysis. 


s 
^ 
3 


•g 

< 


P.ct.     P.ct. 
87.54  '    8.25 


P.ct. 
0.56 


P.rt. 
0.007 


The  physical  and  chemical  properties  of  this  coke  compare  well  with  the  best 
Connellsville  coke,  and  in  many  respects  indicate  a  coke  that  is  better  than  that. 
It  might  be  of  better  color  and  ring.     Rough  handling  breaks  it  up. 

West  Virginia  No.  U. 

Cohing  test  No.  41, — Run-of-mine  coal  from  mines  Nos.  1  and  2  of  W.  H. 
CoflFman,  Zenith,  W.  Va. 

This  was  the  only  coal  from  West  Virginia  which  did  not  coke  in  the  ovens 
The  charge  consisted  of  11,000  poimds.  It  was  burned  for  67  hours,  and  when 
drawn  consisted  of  ash  mixed  with  raw,  unbumed  coal. 

AnoLysia  of  West  Virginiii  No.  11  coal. 


Character  of  coal. 


Chemical 
j  labora- 
tory 
I  number. 


Moisture. 


I 


Unwashed . 


1420 


Volatile  I    Fixed 
matter.  ,  carbon. 


Per  cent.  Per  cent. '  Per  cent. 
5.39  1        15.94  I        68.76 


Ash.     I  Sulphur,  i 

'  I 


Remarks. 


Per  cent.  I  Per  cent.  | 

9. 95  I         0. 47  I  Used  in  coking  test  No.  41. 


Coking  test. 


Test  number. 

When  charged.          When  drawn. 

Remarks. 

41  (unwashed) 

1  Hours.   1  Pounds. 
Nov.l5,2p.m '  Not.  18,9  a.  m 1             67        ll.OOO 

No  coke. 

The  analysis  of  this  coal  did  not  show  much  diflFerence  from  other  West  Vir- 
ginia coals,  and  it  started  oif  well  in  the  oven,  but  soon  died  out  and  lay  dead. 
When  the  charge  was  drawn  it  showed  that  a  hard  crust  was  formed  on  top,  the 
lower  part  was  composed  of  sintered  coke,  the'size  of  a  man's  fist,  mixed  with  ashes 
and  unbumed  coal.  This  coal  washed  showed  the  same  results  in  the  crucible. 
The  coal  proved  to  be  noncoking. 
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West  Virginia  No.  12. 

Coking  testa  Nos.  32  and  S6. — Rim-of-mine  coal  from  Big  Sandy  Coal  and  Coke 
Company,  Big  Sandy,  W.  Va. 

Two  tests  of  this  coal  were  made,  the  first  being  miwashed  and  the  second 
washed.  The  miwashed  charge  was  11,000  poimds.  It  was  burned  for  68  hours 
and  produced  7,082  pounds  of  coke,  or  64.4  per  cent,  and  549  pounds  of  ash  and 
breeze.  The  coke  was  of  fair  quality  and  had  a  metallic  ring.  It  was  of  good  color, 
but  showed  cross  fractures.  The  washed  charge  (p.  1473)  of  the  same  coal  weighed 
8,000  pounds  and  was  burned  for  44  hours,  producing  5,050  pounds,  or  63.1  per 
cent,  of  coke  and  583  pounds  of  ash  and  breeze.  The  coke  was  of  large  size  and 
grayish  color,  but  not  particularly  strong. 

Arudysia  of  West  Virginia  No.  12  coal. 


Character  of  coal. 

Chemical 
labora- 
tory 
number. 

Molstuit). 

Volatile 
matter. 

Fixed 
carbon. 

Ash. 

Sulphur. 

Remarks. 

Unwashed 

1372 
1394 

Per  cent. 
1.53 
8.36 

1 
Per  cent.  \  Per  cent. 

18.23  1       74.08 

18.20          68.54 

Per  cent. 
6.16 
4.90 

Per  cent. 
0.97 
1.11 

Used  in  coking  test  No.  32. 
Used  in  coking  test  No.  36. 

Washed 

Coking  teat  and  coke  production. 


When  charged. 

When  drawn. 

o 

Coal  charged. 

Lb8. 

5,065 
3,368 

i 

M 

O 

o 

i 
1 

Per  cent  of  yield. 

Test  number. 

ft 

1 

j 

Total. 

Breeze  and 
ash. 

32  (unwashed) 
36  (washed)... 

Nov.  6, 1p.m... 
Nov.  9, 1p.m... 

Nov.  8,9  a.m... 
Nov.  11,9  a.m.. 

Hrs. 
68 
44 

Lbs. 
8,000 

Lbs. 
11,000 

Lba. 
2,017 
1,682 

Lba. 
7,082 
5,050 

Lbs. 
549 
583 

46.1 
42.1 

18.3 
21.0 

64.4 
63.1 

5.0 

7.4 

Physical  and  chemical  properties  of  coke  proditced. 


Test 
num- 
ber. 


Orams  in  1 
cubic  inch. 


ft 


Pounds  in  1 
cubic  foot. 


ft 


Percentage 
by  volume. 


Sot! 
fl  o  * 

•§^ 


Chemical  analysis. 


I 


3 

QQ 


I 


32. 
36. 


11.6 
13.5 


20.44 
22.38 


44.06 
51.30 


77.67 
85.04 


46  ; 
47 


Lbs. 
200 
155 


Feet. 
80 
62 


2.5 
2.7 


1.95  ; 
1.88 


1388 
1407 


P.ct. 
0.35 
5.16 


P.ct. 

0.85 
.72 


P.ct. 
80.37 
86.57 


P.ct. 
9.43 
7.55 


P.ct.P.ctA 
0.83  0.0077 
.01 
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The  coke  obtained  from  the  unwashed  coal  was  fair,  of  good  color  and  ring, 
and  the  chemical  analysis  shows  up  well.  It  was  not  so  hard  as  standard  Con- 
nellsville  coke,  but  would  cany  a  good  burden.  Cell  structure  was  above  the 
standard.     Ash  and  breeze  were  high. 

By  washing  the  coal  larger  pieces  of  coke  were  produced,  but  they  were  brittle, 
and  the  ash  and  breeze  were  higher.  The  amount  of  sulphur  was  increased,  indi- 
cating that  washing  was  not  a  success. 

FOUNDRY  TESTS  OF  COKE. 

By  Dr.  Rxchabd  Moldenke. 
PERSONNEL. 

In  connection  with  the  tests  of  the  coals  of  the  United  States  made  at  the 
plant  of  the  United  States  Geological  Survey,  it  was  decided  to  make  practical 
melting  tests  of  those  cokes  which  showed  any  likelihood  of  value  to  the  foimdry 
industry.  It  was  proposed  that  these  tests  be  made  in  the  small  model  foundry 
connected  with  the  St.  Louis  Exposition,  and  a  committee  on  this  matter  was 
appointed  by  Dr.  J.  A.  Holmes,  the  chief  of  the  department  of  mines  and  metal- 
liu-gy,  under  whose  jurisdiction  the  foundry  exhibits  came.  This  committee  con- 
sisted of  Mr.  Herbert  E.  Field,  of  Macintosh,  Hemphill  &  Co.,  Pittsburg,  Pa.;  Mr. 
W.  J.  Fogarty,  of  the  Magnetite  Foundry  Company,  St.  Louis,  Mo.,  and  Dr.  Richard 
Moldenke,  secretary  of  the  American  Foundrymen's  Association,  Watchung,  N.  J. 
The  committee  oi^anized  in  St.  Louis.  The  plan  for  the  tests  was  drawn  up  by 
Mr.  Field,  while  Doctor  Moldenke  arranged  to  come  to  the  exposition  for  the  actual 
tests,  and  to  carry  them  out  personally.  This  arrangement  was  subsequently 
carried  out  imder  the  following  plan  of  operations,  based  on  a  draft  outlined  by 
Mr.  Field. 

METHODS. 

All  materials  were  accurately  weighed  and  charged.  No  estimating  or  meas- 
uring was  done.  The  iron  was  of  uniform  composition  and  size.  The  scrap  was 
made  during  the  tests  in  pigs  of  uniform  size.  The  same  proportions  were  used  for 
all  tests,  and  the  cupolas  were  charged  in  the  same  way  for  each  test.  The  cupolas 
were  put  into  the  same  condition  daily,  the  tests  were  made  consecutively,  and  the 
weather  conditions  were  the  same  throughout  the  testing  period.  The  pressure 
of  the  blast  at  the  cupola  was  kept  as  constant  as  possible,  many  readings  being 
taken  during  the  tests. 
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RECORDS. 

The  records  kept  were  as  follows: 

1.  Identification  of  sample. 

2.  Charge  in  detail. 

3-  Time  of  putting  on  blast. 

4.  Time  of  first  iron. 

5.  Time  and  weight  of  every  ladle  of  melted  iron. 

6.  Melting  rate  per  hour. 

7.  Temperature  of  iron  as  measured  by  fluidity  strips. 

8.  Melting  loss. 

9.  Analysis  and  characteristics  of  coke. 
10.  Characteristics  of  test  and  conclusion. 

SAMPLES  OF  COKE. 

It  is  always  difficult  to  get  a  fair  sample  of  a  coke  to  be  analyzed  unless  great 
precautions  are  taken.  For  these  tests  four  pieces  were  taken  from  different 
places  in  the  oven,  each  piece  extending  from  the  top  to  the  bottom.  These  large 
and  representative  pieces  were  sent  to  the  laboratory  for  analysis.  In  this  way 
the  proper  relation  of  carbon  and  slate  w^as  preserved,  and  the  analysis  would  show 
much  of  value  before  the  actual  test  was  made,  especially  in  regard  to  sulphur 
content. 

CHEMICAL  TESTS. 

Determinations  of  the  following  constituents  were  called  for: 

1.  Phosphorus, 

2.  Volatile  carbon. 

3.  Fixed  carbon. 

4.  Ash. 

5.  Moisture. 

6.  Total  sulphur. 

7.  Sulphur  in  the  ash. 

As  it  is  fairly  certain  that  only  the  sulphur  in  the  ash  affects  the  iron,  the 
last  determination  is  of  special  value. 

In  addition  to  the  above,  the  specific  gravity  of  the  coke  and  its  strength 
under  crushing  strain  were  requested.  Finally,  the  appearance  was  valued  for  the 
benefit  of  foundrymen  who  are  not  yet  educated  to  the  point  of  trying  a  coke  on 
its  merits  irrespective  of  its  appearance.  Fixed  values  were  given,  based  upon  a 
maximum  of  10  for  the  best  of  Connellsville  foundry  coke. 
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ESSENTIAL  CONDITIONS  OF  TESTS. 
CLASSES   OF   COKE. 

Coke  for  foundry  use  must  be  studied  from  various  standpoints.  If  the  cupola 
is  of  a  low-tuyftre  type,  and  long  heats  are  taken  off,  a  heavy  coke  is  necessary  to 
furnish  sufficient  fuel  in  small  bulk  to  melt  the  metal  and  still  hold  the  melting 
zone  in  proper  position  for  economical  work.  Even  should  a  light  and  strong  coke 
hold  the  iron  without  crushing,  it  might  not  be  possible  to  get  enough  of  this  coke  in 
a  low-tuyftre  cupola  to  melt  the  iron  and  retain  the  next  chaise  at  its  proper  height. 
On  the  other  hand,  a  strong,  light  coke  in  a  high-tuyftre  cupola  is  satisfactory  and 
economical.  It  takes  less  coke  to  hold  the  iron  at  the  proper  melting  zone,  is  more 
permeable  to  the  blast,  bums  freer,  and  melts  the  iron  faster  than  does  heavy  coke. 

Cokes  should  therefore  be  divided  into  two  classes  and  recommended  accord- 
ing to  their  density,  for  high-tuyfere  or  low-tuyftre  cupolas,  as  the  coke  is  light  or 
heavy.  In  these  tests,  as  it  was  impossible  to  vary  the  height  of  the  tuyferes  in  the 
two  small  cupolas  used,  and  as  most  of  the  cokes  tried  were  light,  a  constant  height 
of  14  inches  above  the  lower  tuy feres  was  used  (the  upper  tuy feres  being  kept 
closed).  This  height  was  selected  because  previous  running  of  the  cupolas  had 
indicated  the  necessity  of  a  heavier  bed  than  is  usual  in  larger  cupolas. 

THE    BLAST. 

The  question  was  also  raised  whether  an  average  blast  pressure  should  not  be 
adopted,  so  that  all  the  tests  might  be  comparable.  Heavy  cokes  can  stand  more 
blast  pressure  than  light  ones.  While  a  large  cupola  might  be  run  best  with  about 
1 1  ounces  for  heavy  cokes  and  9  for  the  Ughter  varieties,  the  smaller  cupolas  can 
stand  only  about  9  ounces  for  the  heavy  cokes  and  7  for  the  lighter  ones.  The 
blast  pressure  was,  therefore,  taken  as  near  7  ounces  as  it  could  be  held  for  all  the 
tests  made. 

MELTING   RATIO. 

The  melting  ratio  was  fixed  at  1  to  7,  this  being  regarded  as  a  rather  severe 
test  for  a  coke  in  a  small  cupola.  In  charging  the  cupola,  each  of  these  being  24 
inches  inside  the  lining  and  practically  identical  so  far  as  the  details  affecting  the 
melting  capacity  were  concerned,  the  fire  was  made  up  in  the  usual  way,  coke  being 
added  until  the  wood  was  burned  out  and  the  coke  well  ignited.  Charging  was 
then  begun  and  completed.  Before  the  first  iron  was  thrown  on  the  coke  the  height 
of  the  coke  bed  was  measured  with  an  iron  rod  having  a  flat  weight  attached. 
This  height  was  brought  up  to  proper  level  by  the  addition  of  CQke,so  that  the  tests 
might  be  comparable.  A  charge  of  3,000  pounds  of  iron  was  selected  for  the  tests, 
430  pounds  of  coke  (1  to  7)  being  used.  Of  the  total  iron  charged,  2,250  poimds 
was  pig  iron  and  the  other  750  was  scrap,  previously  made.     On  the  bed  of  coke. 
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the  weight  of  which  was  subtracted  from  the  total  of  430  pounds  used,  a  charge  of 
four  times  as  much  metal  was  placed,  this  metal  consisting  of  three-fourths  pig 
and  one-fourth  scrap.  The  rest  of  the  coke  and  the  rest  of  the  pig  iron  and  scrap 
were  next  divided  into  four  charges  and  placed  in  the  cupola  as  usual. 

It  wiU  thus  be  seen  that  the  ratio  of  1  to  7  was  kept  in  all  cases,  but  that  the 
proportions  of  the  charge  would  vary  from  test  to  test,  depending  upon  the  density 
of  the  coke.  Thus  a  dense  coke  would  have  a  comparatively  heavy  bed.  This 
meant  a  heavj^  first  charge  on  the  bed  and  lighter  charges  above.  With  a- light 
coke  the  bed  would  consume  less  of  the  430  pounds  allotted  and  less  of  the  3,000 
pounds  metal  on  this  bed.  The  subsequent  charges  would  then  have  comparatively 
more  coke  and  metal. 

GENERAL   FEATURES. 

As  a  matter  of  fact,  the  tests  being  on  the  cokes  and  not  on  the  iron,  blast,  or 
any  other  item  of  foundry  practice,  all  things  had  to  be  made  constant,  whether 
this  absolutely  suited  the  cokes  or  not.  If,  then,  the  results  showed  promise,  even 
if  not  perfection,  the  coke  could  be  recommended  for  further  trial  in  the  foundry. 
If  nothing  promising  was  noted  the  coke  had  to  be  condemned  for  foundry  pur- 
poses, and  if  the  results  were  not  entirely  satisfactory  the  owners  of  the  coal 
could  subsequently  take  up  experiments  with  their  coke  and  determine  under  just 
what  conditions  of  foundry  procedure  their  product  would  give  the  best  results. 
They  may  find  that  with  changes  in  the  tuySre  height  from  the  standard  one  used 
in  the  tests  better  results  would  be  obtained.  They  may  further  find  that  only 
additional  washing  of  their  coals  is  required  to  bring  the  composition  of  their  cokes, 
otherwise  not  serviceable,  \\dthin  the  list  of  foundry  fuels.  These  questions  being 
purely  commercial  necessarily  had  no  standing  in  a  series  of  comparative  tests  of 
materials  actually  made.  It  is  left  for  the  owners  of  the  coals  to  find  their  own 
market  after  these  tests  have  demonstrated  the  fitness  of  their  coke  for  foundry 
purposes. 

It  should  be  added  that,  for  purposes  of  comparison,  tests  were  also  made  with 
well-known  foundry  cokes  so  that  no  question  might  arise  as  to  the  practicability 
of  the  system  employed.  These  standard  cokes  were  the  well-known  Frick  Con- 
nellsville,  the  Milwaukee  Semet-Solvay  by-product  coke,  and  the  Gauley  Mountain 
coke.  The  second  series  of  tests  to  be  made  vnl\  have  the  same  ConneUsville  coke 
and  the  Mount  Carbon  Company's  PoweUton  coke,  and  perhaps  several  others,  as 
standards  for  comparison. 

The  cupolas  used  were  made  by  the  Whiting  Foundry  Equipment  Company 
and  the  J.  S.  McCormick  Company.  Wliile  the  tests  were  under  the  direction  of 
the  writer,  the  foundry  was  in  charge  of  Mr.  A.  E.  Sauerwein,  to  whose  faithful  and 
enthusiastic  services  much  of  the  success  was  due. 
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RESULTS   OF   THE   TESTS. 

The  series  of  tables  following  give  the  results  ot  the  19  tests  made,  and  it  is 
hoped  that  this  interesting  and  most  useful  work  may  be  continued  for  the  benefit 
of  the  coal  industry,  which  is  seeking  an  enlarged  field  of  distribution;  and  for  the 
foundry  industry,  which  desires  a  greater  variety  of  cokes  to  draw  from,  with  a 
reduction  in  freight  expenses  and  more  satisfactory  service  during  the  rush  seasons. 

Foundry  test  No.  18 ^  on  coke  made  from  Alabama  No.  1  coal  (washed)  y  December  1, 190J^.  , 

[Coke  from  Ivy  Coal  and  Iron  Company,  Horsecreek,  Ala.] 

ANALYSIS  OF  COKE. 


Sulphur . 


Per  cent. 

0.69 

Volatile  carbon 72 

Fixed  carbon 82.  63 

Ash 16.32 


Phosphorus 

Moisture 

Specific  gravity,  1.92. 
Appearance,  5  (Connellsville,  10). 


.047 
.33 


CHARGE. 

[In  i)oundB.] 


Coke... 
Pig  iron. 
Scrap. . . 


2. 

3. 

4. 

5. 

220 

54 

52 

52 

52 

660 

398 

398 

398 

396 

220 

134 

132 

132 

132 

Total. 


430 

2,250 

750 


RECORD  OF  MELT. 

Blast  pressure  averaged  6}  ounces. 

Blast  on,  11.14  a.  m. 

Iron  running,  11.21  a.  m. 

Iron  in  7  minutes. 

Pounds. 

Ladle  No.  1,  11.24  a.  m 99 

Ladle  No.  2,  11.26  a.  m 130 

Ladle  No.  3,  11.28  a.  m 144 

Ladle  No.  4,  11.30  a.  m 148 

LadleNo.  5,  11.32  a.  m .^ 173 

Ladle  Nt).  6, 11.34  a.  m ? 145 

LadleNo.  7,  11.35a.  m 173 

Ladle  No.  8,  11.37  a.  m 151 

Ladle  No.  9, 11.39  a.  m 202 

Ladle  No.  10,  11.41  a.  m 128 

UdleNo.  11,  11.42  a.  m 142 

LadleNo.  12,  11.45  a.  m 141 

LadleNo.  13, 11.46a.  m , 170 
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Pounds. 

Ladle  No.  14, 11.47  a.  m 144 

Ladle  No.  15,  11.49  a.  m 116 

Ladle  No.  16,  11.51  a.  m 77 

Total  iron  poured 2, 283 

Hate  (pounds  per  hour) 5, 070 

Iron  recovered 260 

Coke  recovered 10 

Melting  loss,  15.2  per  cent. 

Fluidity  strips  ran  up  well.    Iron  hot.    Heat  very  slow,  but  otherwise  fair.    Coke  can  be  recommended 
for  further  trial. 


Foundry  test  No.  17,  on  coke  made  from  Kentucky  No.  3  coal  {washed),  November  SO,  1904- 
[Coke  from  St.  Bernard  Mining  Company,  Earlington,  Ky.] 

ANALYSIS  OF  COKE. 

Per  cent. 

hur 2. 16 

Sulphur  in  ash 084 

'  Volatile  carbon 56 

Fixed  carbon 86.31 

Ash 12.99 


Sulphu 


Phosphorus 

Moisture 

Specific  gravity,  1.81. 
Appearance,  5  (Connellsville,  10). 


.0094 
.14 


[In  pounds.] 


Coke... 
Pig  iron . 
Scrap 


Total. 


180 

64 

62 

62 

-1 

430 

'    540 

j 

428 

428 

428 

426 

2,250 

1    180  i 

1       1 

144 

142 

142 

142 

1 

750 

RECORD  or  MELT. 

Blast  pressure  averaged  6}  ounces.         « 

Blast  on,  3.10  p.  m. 

Iron  running,  3.17  p.  m. 

Iron  in  7  minutes. 

Poimds. 

Ladle  No.  l,3.22p.  m 80 

Ladle  No.  2,  3.26  p.  m 160 

Ladle  No.  3,  3.30  p.  m 255 

Ladle  No.  4,  3.32  p.  m 165 

Ladle  No.  5,  3.35  p.  m 265 

Ladle  No.  6, 3^  p.  m 165 
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Pounds. 

Ladle  No.  7,  3.38  p.  m 225 

Ladle  No.  8,  3.41  p.  m 140 

Ladle  No.  9,  3.43  p.  m 165 

Total  iron  poured 1, 620 

Rate  (pounds  per  hour) 4, 630 

Iron  recovered 916 

Coke  recovered 20 

Melting  lofls,  1 5.5  per  cent. 

Fluidity  strips  ran  up  poorly.     Iron  dull.     Heat  very  unsatisfactory.    Bottom  dropped  at  tenth  ladle. 

Foundry  test  No.  16 ^  on  coke  made  from  KerUucky  No.  4  coal  {washed),  November  29, 1904, 
[Coke  from  Wheatcroft  Coal  and  Mining  Company,  Wheatcroft,  Ky.] 


Sulphur 

Sulphur  in  ash. . 
Volatile  carbon. 
Fixed  carbon. . . 


ANALYSIS  OF  COKE. 

Per  cent. 

2.37 

14 

63 

86.50 

Ash 12.35 

Phosphorus 015 

Moisture 52 

Specific  gravity,  1 .84. 
Appearance,  6  (Connellsville,  10). 

CHABQE. 

tin  pounds.] 


1. 


Coke.... 
Pig  iron. 
Scrap. . . 


220 
660  I 
220 


i             ; 

2.          ; 

3. 

4. 

5. 

Total. 

1                     1 

'          54 

52 

62 

52 

430 

1        398 

398 

398 

396 

2,250 

1    ^^ 

192 

192 

192 

750 

BECORD  or  MELT. 

Blast  pressure  averaged  7}  ounces. 

Blast  on,  2.58  p.  m. 

Iron  running,  3.03  p.  m. 

Iron  in  5  minutes. 

Pounds. 

Ladle  No.  1,  3.08  p.  m 110 

Ladle  No.  2,  3.11  p.  m 120 

Ladle  No.  3,  3.14  p.  m 160 

Ladle  No.  4,  3.17  p.  m '. 250 

Ladle  No.  5,  3.19  p.  m 200 

Ladle  No.  6,  3.21  p.  m 275 

Ladle  No.  7,  3.23  p.  m 177 

Ladle  No.  8,  3.24  p.  m 200 
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Pounds. 

Lftdle  No.  9,  3.26  p.  m 175 

Ladle  No.  10,  3.27  p.  m 175 

Ladle  No.  11,  3.28  p.  m 130 

J^dleNo.  12,  3.29  p.  m 200 

Ladle  No.  13,  3.31  p.  m 135 

Total  iron  poured 2,297 

Rate  (pounds  per  hour) 6, 000 

Iron  recovered 303 

Coke  recovered 10 

Melting  loss,  13.3  per  cent. 

Fluidity  strips  ran  up  fairly  well.  Iron  very  good  and  hot.  If  sulphur  can  be  kept  lower  this  should  be 
a  good  foundry  coke. 

FouTidry  test  No.  14,  on  coke  made  from  West  Virginia  No.  1  coal  (unwashed),  November  £9, 1904. 
[Coke  from  Virginia  and  Pittsburg  Coal  and  Coke  Company,  Klngmont,  W.  Va.] 

ANALYSIS  OF  COKE. 

Per  cent. 

Sulphur 0.71 

Volatile  carbon 1. 95 

Fixed  carbon 87.  47 

Ash 10.18 


Phosphorus 

Moisture. 

Specific  gravity,  1.84. 

Appearance,  6  (Connellsville,  10). 


.029 
.40 


. 

CHARGE. 

[In  pounds.] 

/ 

1. 

180 
540 
180 

2. 

3. 

4. 

6. 

62 
426 
142 

Total. 

Coke 

64 
432 
144 

62 
426 

142  ' 

62 
426 
142 

430 

Pig  iron                       

2,250 
760 

Scrap     - 

RECORD  OF  MELT. 

Blast  pressure  averaged  7)  ounces. 

Blast  on,  10.20  a.  m. 

Iron  running,  10.27  a.  m. 

Iron  in  7  minutes. 

Pounds. 

Ladle  No.  1, 10.30  a.  m 95 

Ladle  No.  2, 10.33  a.  m 150 

Ladle  No.  3, 10.38  a.  m 120 

Ladle  No.  4,  10.42  a.  m 260 

Ladle  No.  5, 10.44  a.  m 195 

Ladle  No.  6,  10.46  a.  m 225 
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Pounds. 

Ladle  No.  7, 10.48  a.  m 200 

Ladle  No.  8,  10.50  a.  m 255 

Ladle  No.  9, 10.52  a.  m 190 

Ladle  No.  10,  10.54  a.  m 255 

Ladle  No.  11, 10.56  a.  m 260 

Ladle  No.  12, 10.57  a.  m 135 

Ladle  No.  13,  10.59  a.  m 70 

Ladle  No.  14, 11.02  a.  in 35 

Total  iron  poured 2, 445 

Rate  (pounds  per  hour) 4, 580 

Iron  recovered. 205 

Coke  recovered 20 

Melting  loss,  11.7  per  cent. 

Fluidity  strips  ran  up  fairly  well.    Iron  ran  fairly  well  and  hot.    If  composition  can  be  kept  right 
it  should  be  a  good  foundry  coke. 

Foundry  test  No.  12,  on  coke  made  from  West  Virginia,  No,  2  coal  (washed),  November  28, 1904, 
[Coke  from  Fitcair^  Coal  Companjr,  ClarkBbuiK>  W.  Va.] 

ANALYSIS  or  COKE. 

Per  cent. 

Sulphur 2.24 

Sulphur  in  ash 14 

Volatile  carbon 1. 31 

Fixed  carbon 86.70 

Ash 11.40 

Phosphorus 017 

Moisture 59 

Specific  gravity,  1.89. 

Appearance,  7  (Connellsville,  10). 

CHABGS. 

[In  pounds.] 


<5oke.'.. 
Pig  iron. 
Scrap. . . 


1. 

2. 

3. 

1 

4. 

5. 

Total. 

210 

55 

1 

55, 

55 

55 

430 

630 

405 

405 

405 

405 

2,250 

210 

135 

135  1 

135 

136 

750 

RECOKD  OF  MELT. 


Blast  pressure  averaged  7}  ounces. 
Blast  on,  10.53  a.  m. 
Iron  running,  11.03  a.  m. 
Iron  in  10  minutes. 

Ladle  No.  1, 11.09  a.  m 

lAdleNo.2, 11.12  a.  m 


Pounds. 

120 

.       185 
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Pounds. 

Ladle  No.  3, 11.13  a.  m 165 

Ladle  No.  4,  11.15  a.  m 85 

Ladle  No.  5, 11.17  a.  m 180 

Ladle  No.  6,  11.19  a.  m 120 

Ladle  No.  7, 11.21  a.  m 160 

Ladle  No.  8, 11.23  a.  m 170 

Ladle  No.  9, 11.25  a.  m 170 

Ladle  No.  10, 11.26  a.  m : 220 

Ladle  No.  11, 11.28  a.  m 175 

Ladle  No.  12,  11.31  a.  m 230 

Ladle  No.  13, 11.33  a.  m 170 

Ladle  No.  14, 11.34  a.  m 125 

Ladle  No.  15, 11.35  a.  m 65 

Ladle  No.  16, 11.38  a.  m 25 


Total  iron  poured 2, 365 

Rate  (pounds  per  hour) 5, 250 

Iron  recovered 257 

Coke  recovered 15 

Melting  loss,  12.6  per  cent. 

Fluidity  strips  ran  up  well.  Lx>n  hot.  Heat  very  good.  Iron  fluid.  If  sulphur  can  he  lowered  coke 
can  he  recommended  for  further  trial. 

Foundry  test  No.  8,  on  coke  made  from  West  Virginia  No.  3  coal  {washed),  November  25, 1904- 
[Coke  from  West  Virginia  Coai  Company,  Richard,  W.  Va.] 

ANALYSIS  OF  COKE. 


Sulphur 

Volatile  carbon. 
Fixed  carhon . . 


Per  cent. 

1.19 

87 

84.48 

Ash 14.27 

Phosphorus 079 

Moisture 38 

Specific  gravity,  1.94. 

Appearance,  7  (Connellsville,  10).  , 


[In 

pounds.] 

1. 

2. 

54 
398 
134 

3. 

4. 

5. 

621 
396  1 
132. 

Total. 

Coke 

220 
660 
220 

52 
398 
132 

52 
398 
132 

430 

Pig  iron 

2,250 
750 

Scrap 

FOUNDBY  TESTS  OF   COKE. 


1877 


BECOBD  or  MELT. 

Blast  pressure  averaged  6f  ounces. 

Blast  on.  10.36  a.  m. 

Iron  running,  10.46  a.  m. 

Iron  in  10  minutes. 

Founds. 

Ladle  No.  1,10.51  a.  m .' 100 

Ladle  No.  2,  10.53  a.  m ISO 

Ladle  No.  3,  10.55  a.  m 130 

Ladle  No.  4,  10.57  a.  m 145 

Ladle  No.  5,  11  a.  m 260 

Ladle  No.  6,  11.01  a.  m 155 

Ladle  No.  7,  11.03  a.  m 220 

Ladle  No.  8,  11.04  a.  m 160 

Ladle  No.  9,  11.06  a.  ra 240 

Ladle  No.  10,  11.08  a.  m ! 145 

Ladle  No.  11,  11.11  a.  m 100 

Ladle  No.  12,  11.13  a.  m 95 

Ladle  No.  13,  11.15  a.  m 50 


Total  iron  poured 1, 950 

Rate  (pounds  per  hour) 4, 870 

Iron  recovered 578 

Coke  recovered • , 20 

Melting  loes,  15.7  per  cent. 

Fluidity  strips  ran  up  well.    Iron  hot.    Heat  ran  very  well.    Coke  can  be  recommended  for  further 
trial. 

Foundry  test  No.  7,  on  coke  made  from  West  Virginia  No.  4  coal  (uxished),  November  £4, 1904. 
[Coke  from  West  Vligtnla  Coal  Company,  Bret«.  W.  V«.] 

ANALYSIS  OF  COKE. 

Per  cent. 

Sulphur \ . . .      0.  69 

Volatile  carbon 1. 15 

Fixed  carbon 85.  42 

Ash 


Phosphorus 

Moisture 

Specific  gravity,  1.94, 
Appearance,  9  (Connellsville,  10). 


13.23 
.019 
.20 


[In 

pounds.] 

1. 

200 
600 
200 

2. 

59 
414 
138 

3. 

57 
412 
138 

i. 

57 
412 
138 

5. 

57 
412 
136 

Total. 

Coke 

430 

Pig  iron 

2,250 
750 

Scrap 

1378 


OPEBATIONS  OF   THE   COAL-TESTING  PLANT. 


BECOBD  OF  MELT. 

Blast  pressure  averaged  7}  ounces. 

Blast  on,  2.43  p.  m. 

Iron  running,  2.52  p.  m. 

•Iron  in  9  minutes. 

Pounds. 

Ladle  No.  1,  3  p.  m 110 

Ladle  No.  2,  3.03  p.  m 215 

Ladle  No.  3,  3.05  p.  m 170 

Ladle  No.  4,  3.08  p.  m 270 

Ladle  No.  5,  3.09  p.  m : 155 

Ladle  No.  6,  3.10  p.  m 245 

Ladle  No.  7,  3.12  p.  m 145 

Ladle  No.  8,  3.13  p.  ra 245 

Ladle  No.  9,  3.14  p.  m 175 

Ladle  No.  10,  3.15  p.  m , 265 

Ladle  No.  11,  3.16  p.  m 160 

Ladle  No.  12,  3.17  p.  to 90 

Ladle  No.  13,  3.18  p.  m 80 


Total  iron  poured 2, 325 

Rate  (pounds  per  hour) 7, 750 

Iron  recovered 578 

Coke  recovered C* ,. .  25 

Melting  loss,  3.2  per  cent. 

Fluidity  strips  ran  up  well.     Iron  hot.     Iron  ran  well  from  beginning  to  end.    Coke  can  be  recommended 
for  further  trial. 

Foundry  test  No.  5,  on  coke  made  from  West  Virginia  No.  4  coed  {unwashed) ,  November  23,  1904. 
[Coke  from  West  Virginia  Coal  Company,  Bretz,  W.  Va.] 

ANALYSIS  OF  COKE. 


Sulphu 


Per  cent. 

hur 0.82 

Volatile  carbon 1.  43 

Fixed  carbon 86.10 

Ash 11.85 

031 


Phosphorus 

Moisture 

Specific  gravity,  1.84. 

Appearance,  7  (Connellsville,  10). 


[In  pounds.] 


1. 

2. 

3. 

4, 

5. 

Total. 

Coke 

Pig  iron 

220 
660 
220 

54 
398 
134 

52 
398 
132 

52 
398 
132 

52 
396 
132 

430 

2,250 

750 

Scrap 

1 

FOUNDRY  TESTS  OF   COKE. 


1379 


BECOHD  or  MXLT. 

Blast  pressure  averaged  7}  ounces. 

Blast  on,  3.16  p.  m. 

Iron  running,  3.24  p.  m. 

Iron  in  8  minutes. 

Pounds. 

Ladle  No.  1,  3.37  p.  m / 160 

Ladle  No.  2,  3.39  p.  m 145 

Ladle  No.  3,  3.40  p.  m 145 

Ladle  No.  4,  3.42  p.  m 130 

Ladle  No.  5,  3.44  p.  m 145 

- 120 

130 

75 

126 

55 

50 


Ladle  No.  6,  3.45  p.  m 

Ladle  No.  7,  3.46  p.  ra 

Ladle  No.  8,  3.47  p.  m 

Ladle  No.  9,  3.49  p.  m 

Ladle  No.  10,  3.52  p.  m 

Ladle  No.  11 ,  3.55  p.  m 

Total  iron  poured 1, 280 

Rate  (pounds  per  hour) 4, 270 

Iron  recovered 947 

Coke  recovered 40 

Melting  loss,  25.7  per  cent. 

Fluidity  strips  did  not  run  up  well.     Iron  dull.    Very  bad  heat.    Froze  up  at  eleventh  ladle  and 
bottom  had  to  be  dropped.    Tuyeres  bunged  up  soon  after  iron  began  to  run. 

Foundry  test  No.  10,  on  coke  made  from  West  Virginia  No.  6  coal  (unwashed),  November  BO,  1904- 
[Ooke  from  Davis  Colliery  Company,  Coalton,  W.  Va.] 


Sulphu 


ANALYSIS  OF  COKE. 

Per  cent. 

hur 0.79 

Sulphur  in  ash 053 

Volatile  carbon : 1. 14 

Fixed  carbon • 78. 81 

Ash 19.54 


Phosphorus 

Moisture 

Specific  gravity,  1.90. 
Appearance,  7  (Connellsville,  10). 


.067 
.51 


CHARGE. 

[In  pounds.] 


1. 

2. 

3. 

4. 

5. 

Total. 

Coke             

220 
660 
220 

54 
398 
134 

52 
398 
132 

52 
398 
132 

52 
396 
132 

430 

Pig  iron 

2,250 

Scrap 

750 

1403— No.  48,  pt  3—06 ^26 


1380  OPERATIONS   OF   THE   COAL-TESTING  PLANT. 

BSCOBD  OF  MELT. 

Blast  pressure  averaged  7)  ounces. 

Blast  on,  10.46  a.  m. 

Iron  running,  11.56  a.  m. 

Iron  in  10  minutes. 

Pounds. 

Ladle  No.  1,  11  a.  m ' 50 

Ladle  No.  2,  11.04  a.  m 135 

Ladle  No.  3,  11.07  a.  m 130 

Ladle  No.  4,  11.10  a.  m 185 

Ladle  No.  5,  11.12  a.  m 255 

Ladle  No.  6,  11.14  a.  m 200 

Ladle  No.  7,  11.15  a.  m 230 

Ladle  No.  8,  11.16  a.  m 185 

Ladle  No.  9,  11.17  a.  m '. 190 

Ladle  No.  10,  11.19  a.  m 180 

Ladle  No.  11,  11.22  a.  m 125 

Ladle  No.  12,  11.24  a.  m 150 

Ladle  No.  13,  11.25  a.  m 140 

Ladle  No.  14,  11.26  a.  m 165 

Ladle  No.  15,  11.27  a.  m 95 

Ladle  No.  16,  ,11.28  a.  m 65 

Ladle  No.  17,  11.30  a.  m 55 

Total  iron  poured 2, 535 

Rate  (pounds  per  hour) '.  5, 070 

Iron  recovered 233 

Coke  recovered 12 

Melting  loss,  7.7  per  cent. 

Fluidity  strips  ran  up  well.     Iron  hot.    Heat  very  good.    Coke  can  be  recommended  for  further  trial. 

Foundry  test  No.  9,  on  coke  made  from  West  Virginia  No.  6  eocd  (washed)  j  November  S5,  190J^ 
[Coke  from  Davis  Colliery  Company,  Coalton,  W.  Va.] 

ANALYSIS  OF  CORE. 

Per  cent. 

Sulphur 0.83 

Sulphur  in  ash - 08 

Volatile  carbon .43 

Fixed  carbon 84.34 

Ash 14.81 

Phosphorus 086 

Moisture 42 

Specific  gravity,  1.89. 

Appearance,  9  (Connellsville,  10). 


FOUKDBY  TESTS  OF  COKE. 


1881 


CHARGE. 

[In  pounds.] 

. 

1. 

2. 

3. 

4. 

5. 

Total. 

Coke 

230 
690 
230 

50 
390 
130 

50 
390 
130 

50 
390 
130 

50 

430 

Pig  iron 

390  '      2.250 

Scrap -  -  - 

130 

750 

RECOBD  OF  MELT. 

Blast  pressure  averaged  8  ounces. 

Blast  on,  2.52  p.  m. 

Iron  running,  3.07  p.  m. 

Iron  in  15  minutes. 

Pounds 

Ladle  No.  1,  3.15p.  m 45 

Ladle  No.  2,  3.19  p.  m 55 

Ladle  No.  3,  3.22  p.  m 60 

Ladle  No.  4,  3.24  p.  m 146 

Ladle  No.  5,  3.26  p.  m 140 

Ladle  No.  6,  3.28  p.  m 220 

Ladle  No.  7,  3.30  p.  m '. 120 

Ladle  No.  8,  3.32  p.  m 100 

Ladle  No.  9,  3.a3  p.  m •....  30 

Ladle  No.  10,  3.36  p.  m 10 

Total  iron  poured 926 

Rate  (pounds  per  hour) ' 2, 640 

Iron  recovered 1, 734 

Coke  recovered 30 

Melting  loss,  10.3  per  cent. 

Fluidity  strips  ran  up  fair.    Iron  dull.     Exceedingly  heavy  coke.    Made  poor  fire.     Iron  long  in  melting 
and  finally  froze  up  cupola.    Bottom  had  to  be  dropped. 

Foundry  test  No.  6,  on  coke  made  from  West  Virginia  No.  6  run-<f-mine  coal  {unwas?^ed),  November  £4, 1904. 
[Coke  from  New  River  Smokeless  Coal  Company,  Rush  Run,  W.  Va.] 

ANALYSIS  OF  COKE. 

Percent. 

Sulphur 0.70 

Sulphur  in  ash 049 

Volatile  carbon 2.20 

Fixed  carbon 90.84 

Ash 5.21 

Moisture 1. 76 

Specific  gravity,  1.77. 

Appearance,  8  (Connellsville,  10). 


1882 


OPEBATIONS   OF   THE   COAL-TESTING  PLANT. 


CHABOB. 

[In  pounds.] 


1. 

2. 

3. 

4. 

5. 

Total. 

Coke 

220 
660 
220 

54 
396 
134 

52 
398 
132 

52 
398 
132 

52 
396 
132 

430 

Pig  iron        

2,250 

Scrap     

•760 

BECOBD  OF  MELT. 

Blast  pressure  averaged  7}  ounces. 

Blast  on,  11.19  a.  m. 

Iron  running,  11.25  a.  m. 

Iron  in  6  minutes. 

Pounds. 

Ladle  No.  1,  11.37  a.  m 130 

Ladle  No.  2,  11.39  a.  m 175 

Ladle  No.  3,  11.40  a.  m 230 

Ladle  No.  4,  11.41  a.  m: 160 

Ladle  No.  5,  11.42  a.  m 258 

Ladle  No.  6,  11.43  a.  m 250 

Ladle  No.  7,  11.44  a.  m 235 

Ladle  No.  8,  11.45  a.  m : 155 

Ladle  No.  9,  11.47  a.  m 245 

Ladle  No.  10,  11.48  a.  m 115 

Ladle  No.  11,  11.50  a.  m 210 

Ladle  No.  12,  11.52  a.  m 115 

Ladle  No.  13,  11.53  a.  m ..* 20 

Total  iron  poured 2, 298 

Rate  (pounds  per  hour) 8, 610 

Iron  recovered 320 

Coke  recovered 10 

Melting  loss,  12.7  per  cent. 

Fluidity  strips  ran  up  well.     Iron  hot.     Iron  ran  well  throughout  heat.    Coke  can  be  recommended  for 
further  trial. 

Foundry  test  No.  lit  on  coke  made  from  West  Virginia,  No.  6  pulverized  coal  {untpashed)^  November  26, 1904, 
[Coke  from  New  River  Smokeless  Coal  Company,  Rush  Run,  W.  Va.] 

ANALYSIS  OF  COKE. 

Per  cent. 

Sulphur 0.70 

Sulphur  in  ash 076 

Volatile  carbon 1. 85 

Fixed  carbon 89.60 

Ash 7.55 

Phosphorus 006 

Moisture 1. 00 

Specific  gravity,  1.79. 

Appearance,  9  (ConnellsviUe,  10). 


FOUNDBY  TESTS  OF  COKE. 


1883 


CHABOK. 

[In  pounds.] 


1. 

2. 

3. 

4. 

5. 

Total. 

Coke 

200 
600 
200 

59 
414 
138 

57 
412 
138 

57 
412 
138 

57 
412 
136 

430 

Pig  iron 

2.250 

Scrap 

750 

BECO&D  OF  MELT. 

Blast  pressure  averaged  7)  ounces. 

Blast  on,  2.55  p.  m. 

Iron  running,  3.01  p.  m. 

Iron  in  6  minutes. 

»  Pounds. 

Ladle  No.  1,  3.08  p.  m 100 

Ladle  No.  2,  3.10  p.  m : 170 

Ladle  No.  3,  3.11  p.  m ' 180 

Ladle  No.  4,  3.13  p.  m 250 

Ladle  No.  5,  3.14  p.  m ISO 

Ladle  No.  6,  3.16  p.  m 236 

Ladle  No.  7,  3.18  p.  m 250 

Ladle  No.  8,  3.19  p.  m 230 

Ladle  No.  9,  3.21  p.  m 176. 

Ladle  No.  10,  3.22  p.  m 235 

Ladle  No.  11,3.24  p.m.: 160 

Ladle  No.  12,  3.26  p.  m 196 

Ladle  No.  13,  3.27  p.  m 66 

Total  iron  poured : 2, 396 

Rate  (pounds  per  hour) 7, 560 

Iron  recovered 325 

Coke  recovered 18- 

Melting  loss,  9.3  per  cent. 

Fluidity  strips  did  not  run  up  well.    Iron  dull.     Iron  not  fluid  though  fairly  hot. 

Foundry  Ust  No.  2^  on  coke  made  from  West  Virginia  No.  7  coal  (unwashed),  November  22, 190^. 
[Coke  from  New  River  SmokelesB  Coal  Company,  Sun,  W.  Va.) 

ANALYSIS  or  COKS. 

Per  cent- 
Sulphur 1.03 

Sulphur  in  ash .• 036 

Volatile  carbon 1. 23 

Fixed  carbon 90.40 

Ash 7.70 

Phosphorus 006 

Moisture 67 

Specific  gravity,  1.80. 

Appearance,  5  (ConnellsviUe,  10). 


1884 


OPERATIONS  OF   THE   COAL-TESTING  PLANT. 


CHABOB. 

[In  potindB.] 


1. 

2. 

3. 

4. 

5. 

Total. 

CJoke 

210 
630 
210 

55 
405 
135 

55 
405 
135 

55 
405 
135 

55 
405 
135 

430 

Pig  iron 

2.250 

Scrap                   

750 

BECOBD  or  MKLT. 

Blast  pressure  averaged  7}  ounces. 

Blast  on,  12.43  p.  m. 

Iron  running,  12.53  p.  m. 

Iron  in  10  minutes. 

Pounds. 

Ladle  No.  1,  12.57  p.  m t 100 

Ladle  No.  2,  12.58  p.  m 112 

Ladle  No.  3,  12.59  p.  m 100 

Ladle  No.  4,  1  p.  m 118 

Ladle  No.  5,  1.01  p.  m 105 

Ladle  No.  6,  1.02  p.  m 103 

Ladle  No.  7,  1.03  p.  m 85 

Ladle  No.  8,  1.04  p.  m 125 

Ladle  No.  9,  1.05  p.  m 115 

Ladle  No.  10,  1.06  p.  m 125 

Ladle  No.  11,  1.07  p.  m 115 

Ladle  No.  12,  1.09  p.  m 115 

Ladle  No.  13,  1.10  p.  m 122 

Ladle  No.  14,  1.11  p.  m 125 

Ladle  No.  15,  1.12  p.  m 133 

Ladle  No.  16,  1.13  p.  m 128 

Ladle  No.  17,  1.14  p.  m 105 

Ladle  No.  18,  1.15  p.  m 83 

Ladle  No.  19,  1.17  p.  m 28 

Ladle  No.  20,  1.18  p.  m 55 

Ladle  No.  21 10 

Total  iron  poured i 2, 107 

Rate  (pounds  per  hour) 6, 020 

Iron  recovered 475 

Coke  recovered - 72 

Melting  loss,  13.9  per  cent. 

Fluidity  stripe  ran  up  very  poorly.    Iron  dull.     Results  not  satisfactory. 


FOUNDRY  TESTS  OF   COKE,  1885 

Foundry  ieH  No.  4*  on  coke  made  from  West  Virginia  No.  8  coal  {umoaahed)^  November  23 ^  1904. 
[Coke  from  Gaoley  Mountain  Coal  Company,  Ansted,  W.  Va.] 

ANALYSIS  OF  COKE. 

Per  cent. 

Sulphur 0.70 

Sulphur  in  ash 04 

Volatile  carbon 35 

Fixed  carbon 86.38 

Ash 12.52 

Phosphorus 012 

Moisture 75 


Specific  gravity,  1.94. 
Appearance,  8  (Connellsyille,  10). 


CHARGE. 

[In  pounds.] 


1. 

2. 

3. 

4. 

6. 

Total. 

Coke 

220 
660 
220 

54 
398 
134 

52 
398 
132 

52 
398 
132 

52 
396 
132 

430 

Pig  iron 

2,250 
750 

S(iraD 

BECOBD  OF  MELT. 

Blast  pressure  averaged  7}  ounces. 

Blast  on,  11.18  a.  m. 

Iron  running,  11.30  a.  m. 

Iron  in  12  minutes. 

Pounds. 

Ladle  No.  1,  11.36  a.  m 160 

Ladle  No.  2,  11.39  a.  m 200 

Ladle  No.  3,  11.42  a.  m 175 

Ladle  No.  4,  11.44  a.  m 210 

Ladle  No.  5,  11.46  a.  m 190 

Ladle  No.  6,  11.47  a.  m 245 

Ladle  No.  7,  11.49  a.  m 180 

Ladle  No.  8,  11.50  a.  m 245 

Ladle  No.  9,  11.52  a.  m 170 

Ladle  No.  10,  11.54  a.  m 240 

Ladle  No.  11,  11.56  a.  m 160 

Ladle  No.  12,  11.58  a.  m .* 175 

Total  iron  poured 2,350 

Rate  (pounds  per  hour) 6,  410 

Iron  recovered 445 

Coke  recovered 20 

Melting  loss,  6.8  per  cent. 

Fluidity  strips  ran  up  well.  Iron  hot.  Standard  brand  of  foundry  coke  used  for  comparison.  Good 
hot  iron  except  at  very  last.    The  fixed  condition  of  test  required  a  heavier  coke  bed  than  is  good  practice  with 

thi^  heavy  coke.  Hence  it  took  12  minutes  to  get  iron,  and  left  too  little  coke  for  the  upper  charges.  Coke 
can  be  recommended  for  fotmdry  use. 


1386  OPERATIONS  OF   THE   COAL-TESTING  PLANT. 

Foundry  test  No.  1,  on  coke  made  from  We^t  Virginia  No.  10  coal  (junuxuhtd),  November  21, 190^. 
[Coke  from  Stuart  M.  Buck,  Bramwell,  W.  Va.] 

ANALYSIS  OF  COKE. 

Per  cent. 

Sulphur 0.58 

Sulphur  in  ash 072 

Volatile  carbon 55 

Fixed  carbon 90.34 

Ash 8.61 

Phosphorus 007 

Moisture 60 

Specific  gravity,  1.89. 

Appearance,  4  (Connellsville,  10). 

CHABOE. 

[In  pounds.] 


1. 

2. 

63 
430 
144 

3. 

63 
430 
142 

^. 

5. 

Total. 

Coke 

180 
530 
180 

63 
430 
142 

61 
430 
142 

430 

Pia  iron 

2,250 

Scrap .    ...             

750 

BECORD  OF  MELT. 

Blast  pressure  averaged  7^  ounces. 

Blast  on,  1.55  p.  m. 

Iron  running,  2.09  p.  m. 

Iron  in  1 4  minutes. 

Pounds. 

I^adleNo.  1,  2.15  p.  m 100 

Ladle  No.  2,  2.18  p.  m 125 

lAdle  No.  3,  2.20  p.  m 135 

Ladle  No.  4,  2.22  p.  m 125 

Ladle  No.  5,  2.24  p.  m 130 

Ladle  No.  6,  2.26  p.  m 130 

Ladle  No.  7,  2.28  p.  m 125 

Ladle  No.  8,  2.30  p.  m 125 

Ladle  No.  9,  2.32  p.  m 115 

Ladle  No.  10,  2.34  p.  m 100 

Ladle  No.  11,  2.36  p.  m *. 85 

Ladle  No.  12,  2.38  p.  m 40 

Total  iron  poured 1, 335 

Rate  (pounds  per  hour) 3,  480 

Iron  recovered 240 

Coke  recovered 45 

Melting  loss,  52.5  per  cent. 

Fluidity  stripe  did  not  run  up  well.  Iron  ran  very  dull.  Became  veiy  hot  after  tenth  ladle,  when  iron 
began  to  bum  up  in  cupola.  Great  quantities  of  slag  formed,  choking  up  tuyeres.  Heat  stopped  and 
bottom  dropped. 


FOUNDRY  TESTS  OF  COKE.  1387 

Foundry  test  No.  3,  on  coke  made  from  West  Vir^nia  No.  12  runrof-mine  coal  (washed),  N/wemher  22,  1904. 
[Coke  from  Big  Sandy  Ck>al  and  Coke  Company,  Big  Sandy,  W.  Va.] 

ANALYSIS  OF  COKE. 

Per  cent. 

Sulphur ,.... 1.06 

Sulphur  in  ash 14 

Volatile  carbon 75 

Fixed  carbon 90.37 

Ash 7.88 

Phosphorus 010 

Moisture 1. 00 

Specific  gravity,  1.88. 

Appearance,  5  (Connellsville,  10) 

CHABOE. 

[In  pounds.] 


1. 

2. 

3. 

4. 

5. 

TotaL 

Coke 

210 
630 
210 

55 
405 
135 

55 
405 
135 

55 
405 
135 

55 
405 
135 

430 

Pig  iron 

2,250 

Scrap 

760 

RECORD  OF  MELT. 

Blast  pressure  averaged  6}  ounces. 

Blast  on,  3.22  p.  m. 

Iron  running,  3.30  p.  m. 

Iron  in  8  minutes. 

Pounds. 

Ladle  No.  1,  3.40  p.  m ". 80 

Ladle  No.  2,  3.43  p.  m 118 

Ladle  No.  3,  3.46  p.  m 205 

Ladle  No.  4,  3.43  p.  m 235 

Ladle  No.  5,  3.49  p.  m 300 

Ladle  No.  6,  3.52  p.  m 58 

Ladle  No.  7,  3.54  p.  m 75 

Ladle  No.  8,  3.55  p.  m 130 

Ladle  No.  9,  3.56  p.  m 185 

Ladle  No.  10,  3.57  p.  m : 115 

Ladle  No.  11,  3.58  p.  m 160 

Ladle  No.  12,  4.00  p.  m 125 

Ladle  No.  13,4.01  p.  m 50 

Total  iron  poured 1,836 

Rate  (pounds  per  hour) 5, 246 

Iron  recovered 983 

Coke  recovered 25 

Melting  loss,  6.0  per  cent. 

Fluidity  strips  ran  up  fairly  well.    Iron  hot.    Test  satisfactory.    Coke  can  be  recommended  for  foundry 
work. 
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Foundry  test  No,  IS,  on  by-product  coJce,  November  28^  1904. 
[Coke  from  Semet-Solvay  Company,  Milwaolcee,  Wis.] 

▲JVALTSIS  OF  COKE. 


Sulphur 

Sulphur  in  ash . 
Volatile  carbon . 
Fixed  carbon . . . 

Ash 

Phosphorus 

Moisture , 


Per  cent. 

0.79 

.12 

.48 

89.63 

9.62 

.025 

.27 


Specific  gravity,  1.89. 
Appearance,  8  (Connellsville,  10). 


CHABOE. 

[In  pounds.] 


Coke 

Pig  iron • 

Scrap 


220 
660 
220 


54 
398 
134 


52 
398 
132 


52 
398 
132 


5. 


52 
396 
132 


Total. 

430 

2,250 

750 


BECOBD  OF  MELT. 

Blast  pressure  averaged  7}  ounces. 

Blast  on,  3.20  p.  m. 

Iron  running,  3.26  p.  m.  • 

Iron  in  6  minutes. 

Pounds. 

Ladle  No.  1,  3.30  p.  m • 150 

Ladle  No.  2,  3.34  p.  m 155 

Ladle  No.  3,  3.36  p.  m '. 255 

Ladle  No.  4,  3.37  p.  m 140 

Ladle  No.  5.  3.38  p.  m 280 

Ladle  No.  6,  3.40  p.  m 165 

Ladle  No.  7,  3.41  p.  m 320 

Ladle  No.  8,  3.43  p.  m 135 

Ladle  No.  9,  3.45  p.  m 255 

Ladle  No.  10,  3.47  p.  m 155 

Ladle  No.  11,  3.49  p.  m 205 

La<ileNo.  12,  3.50  p.  m 145 

Ladle  No.  13,  3.52  p.  m 55 

Total  iron  poured 2, 415 

Rate  (jxiunds  per  hour) : 6,  590 

Iron  recovered 276 

Coke  recovered 30 

Melting  loss,  10.3  per  cent. 

Fluidity  strips  ran  up  well.     Heat  very  satisfactory.     Iron  hot  and  fluid  all  through  heat.    Coke  can 
be  recommended  for  foundry  use,  result  being  as  good  as  from  best  Connellsville  coke. 


BRIQUETTING  TESTS. 


By  Joseph  Hyde  Pratt. 


INTRODUCTION. 

The  fuel  supply  of  the  world  is  becoming  a  more  and  more  important 
question  from  year  to  year.  This  is  especially  true  on  the  European  continent. 
It  does  not  yet  attract  so  much  attention  in  the  United  States,  where  the  supplies 
of  the  various  fuels  seem  almost  unlimited.  While  for  many  years  Europeans 
have  been  utilizing  their  waste  coal  by  briquetting  it  and  making  a  satisfactory 
fuel,  little  attention  has  been  given  to  this  industry  in  the  United  States.  Bri- 
quetting has  not  attracted  much  attention  in  the  United  States  because  of  the 
cheapness  of  good  run-of-mine  coal,  the  discovery  of  oil  in  sections  where  fuel 
had  been  expensive  (as  in  California  and  Texas),  and  the  high  price  and  limited 
supply  of  material  that  would  make  suitable  binders  for  briquettes.  The  recent 
advance  in  the  price  of  coal  in  the  United  States,  however,  together  with  the 
recent  miners'  strikes  in  the  coal  regions  of  Pennsylvania  and  elsewhere  (especially 
the  anthracite-coal  miners'  strike  of  1902),  which  resulted  in  a  scarce  and  irregular 
supply  of  coal  at  a  much  increased  price,  have  created  a  more  general  public 
interest  in  briquetting  and  have  resulted  in  the  establishment  of  a  number  of 
plants  for  the  manufacture  of  coal  briquettes.  The  results  desired  in  coal  briquetting 
are,  first,  to  utilize  the  practically  worthless  culm  or  slack  coal  which  is  unavoid- 
ably obtained  in  mining;  and  second,  to  convert  an  inferior  grade  of  coal,  or  one 
that  crumbles  easily,  into  a  hard  fuel  containing  more  heat  units.  Again,  many 
coals  and  lignites  on  being  exposed  to  the  air  slack  rapidly,  while  others  contain 
so  much  sulphur  or  ash  that  they  must  be  crushed  and  washed,  and  thus  can  not 
bear  much  expense  for  transportation,  so  that  their  markets  are  accordingly  some- 
what limited.  Such  coals,  if  they  can  be  properly  briquetted,  will  stand  trans- 
portation and  make  a  fuel  superior  to  the  original  coal. 

As  is  well  known,  in  coal  mining  there  is  often  produced  a  lai^e  proportion 
of  fines,  slack,  or  culm,  amounting  in  some  sections  to  over  one-half  of  the  coal 
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brought  to  the  surface.  In  the  United  States  much  of  this  material  has  for  years 
been  thrown  on  the  dump  piles,  and  it  is  only  recently  that  any  serious  attempt 
has  been  made  to  utiUze  any  of  it.  This  waste  coal  represents  one  of  the  products 
which  it  is  desired  to  convert  into  a  good  marketable  fuel. 

The  numerous  bodies  of  lignite,  or  brown  coal,  found  in  several  of  the  Western 
States  are  in  themselves  inferior  fuels,  but  by  briquetting  they  may  be  converted 
into  hard  fuels  which,  if  not  of  equal  value  in  heat  units  to  the  natural  bituminous 
and  semianthracite  coals,  are  usable  for  domestic  and  steam-raising  purposes. 
The  principal  difficulty  in  the  utilization  of  the  lignites  is  to  obtain  suitable 
binders  at  prices  that  will  permit  the  manufactured  briquette  to  compete  with 
coal.  This  is  due  to  the  location  of  the  lignite  fields,  which,  in  many  instances, 
are  situated  at  long  distances  from  the  sources  of  supply  for  binding  materials. 

Although  the  briquetting  of  coal  is  apparently  a  simple  operation  and  has 
been  commercially  successful  at  many  different  localities  in  Europe,  yet  there  are 
many  mechanical,  chemical,  and  financial  difficulties  to  be  overcome  before  it 
can  be  made  a  profitable  industry  in  this  country.  In  certain  districts  in  the 
United  States  there  are  promising  opportunities  for  the  development  of  this 
industry,  on  account  either  of  the  inferior  character  of  the  coal  at  hand  and  the 
higher  price  of  good  coal,  or  of  the  favorable  juxtaposition  of  coal  and  binding 
material,  while  in  other  districts,  on  account  of  the  low  price  at  which  high-grade 
coal  can  be  obtained,  it  is  not  feasible  to  attempt  the  manufacture  of  briquettes 
in  competition  with  it.  Thus  in  some  districts  the  margin  between  the  value  of 
the  culm  or  waste  coal  and  the  cost  of  good  coal  is  so  narrow,  75  cents  to  $1,  that 
it  is  impracticable  to  manufacture  a  briquette  which  can  compete  in  the  same 
market.  On  the  other  hand,  however,  where  the  margin  is  wider,  as,  for  instance, 
when  the  cost  of  a  good  coal  is  $1.15  to  $2  a  ton  or  more,  the  briquetting  of  the 
coal  culm  or  slack  may  be  carried  on  profitably.  In  all  cases  consideration  has 
to  be  given  to  the  cost  of  the  binder,  for  this  will  determine  what  binder  can  be 
used. 

The  work  done  at  the  coal-briquetting  plant  of  the  United  States  Geological 
Survey  has  shown  that  many  problems  connected  with  this  industry,  in  its  relation 
to  the  coals  and  lignites  of  the  United  States,  are  peculiar  to  certain  districts,  to 
certain  coals,  and  to  certain  binders;  that  what  is  commercially  possible  in  one 
district  with  a  certain  coal  is  impossible  or  impracticable  in  another  district, 
either  with  a  similar  coal  or  with  a  decidedly  different  one;  that  one  binder  may 
be  well  adapted  to  one  coal  and  not  to  another;  that  it  is  necessary  to  carefully 
investigate  each  district,  each  coal,  and  each  binder,  and  to  determine  the  tem- 
perature and  pressure  to  which  the  mixtures  must  be  subjected.  Thus  the  lines 
of  research  are  multiple. 
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The  manufacture  of  briquettes  at  the  experimental  plant  has  in  all  cases 
been  supplemented  by  work  in%the  laboratory,  and  in  nearly  every  case  the  results 
obtained  in  the  laboratory  have  been  closely  checked  by  the  actual  run  of  bri- 
•quettes  on  either  the  English  or  the  American  briquetting  machines,  which  are 
described  later. 
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BRIQUETTIXG  PliANT. 

MACHINES  USED. 

The  briquetting  plant  consisted  of  two  machines  of  distinctly  different  types. 
One  of  the  machines  was  furnished  by  WiUiam  Johnson  &  Sons,  of  Leeds,  England, 
and  is  designated  in  this  report  the  English  machine.  This  machine  is  one  of  the 
standard  type  for  briquetting  with  stiff  pitch,  and  consists  of  a  double-compression 
vertical  table  press,  with  closed  molds  and  accessories.  It  was  operated  by  a 
50-horsepower  inclosed  motor,  which  was  furnished  by  the  Westinghouse  Electric 
and  Manufacturing  Company,  of  Pittsburg,  Pa. 


1892  OPERATIONS   OF   THE   COAL-TESTING  PLANT. 

The  second  briquetting  machine  was  furnished  by  the  National  Compressed 
Fuel  Company,  of  Chicago,  111.,  and  consists  of  a  Chisholm,  Boyd  &  White  press, 
constructed  on  Belgium  patterns,  and  accessories.  This  is  ordinarily  known  as 
the  eggette  type  of  machine  or  press,  but  in  this  report  is  designated  the  American  • 
machine.  This  also  was  operated  by  a  50-horsepower  motor,  furnished  by  the 
Westinghouse  Company. 

PL  XI,  Ay  gives  a  view  of  the  building  ia  which  the  English  machine  was 
located.  A  building  to  the  right  of  this  contained  the  American  machine.  The 
apparatus  to  the  left  is  the  Bartlett  direct-heat  rotating  drier,  which  was  used 
in  drying  the  coals  and  hgnites.   * 

ENGLISH  MACHINE. 

The  English  machine  is  iUustrated  in  PI.  XI,  JB,  which  is  a  general  view  of  the 
machine  with  some  manufactured  briquettes  stacked  to  one  side.  In  this  plate 
A  represents  the  pug  mill,  B  the  feed  box,  G  the  revolving  table,  D  the  molds,  E 
the  steel  spring,  and  F  the  sUde  or  table. 

Coal  is  dehvered  to  the  English  machine  by  an  inclined  conveyor,  furnished 
by  the  Robins  Conveying  Belt  Company,  and  is  received  upon  a  slightly  raised 
platform,  holding  about  10  tons,  from  which  it  can  be  conveniently  shoveled, 
tlirough  a  hole  in  the  floor,  onto  a  coal-feeding  worm.  At  the  same  time  the  pitch 
that  is  used  as  a  binder,  having  been  first  reduced  to  lumps  of  suitable  size,  is  fed 
into  the  pitch  cracker,  which  reduces  it  to  half -inch  size  and  drops  it  upon  a  smaller 
worm,  and  this  in  turn  deUvers  it  onto  the  coal  in  the  larger  worm.  The  smaller 
worm  is  driven  by  sprockets  from  the  larger  one,  and  the  percentage  of  pitch  that 
L9  added  to  the  coal  can  be  varied  by  changing  the  wheels. 

While  this  arrangement  gives  good  results  when  the  same  coal  and  binder  are 
used,  it  is  not  suflSciently  flexible  to  be  adapted  to  the  differences  in  behavior  of  the 
various  coals  and  binders  that  were  used  in  the  experimental  work,  and  therefore, 
for  most  of  the  experiments,  the  crushed  coal  and  cracked  binder  were  weighed  out 
on  Fairbanks  scales  and  mixed  by  hand.  The  mixed  coal  and  binder  were  then 
fed  through  the  hole  in  the  floor  onto  the  larger  worm. 

After  a  slight  mixing  in  the  larger  worm  the  material  enters  an  impact  disin- 
tegrator, in  which  it  is  reduced  to  the  desired  degree  of  fineness.  The  speed  of  the 
disintegrator  is  varied  according  to  the  character  of  the  coal.  This  variation  is 
accomplished  by  running  either  one  or  both  sides  of  the  disintegrator  and  by  tight- 
ening or  slacking  the  belts.  From  the  disintegrator  the  well-mixed,  finely  divided 
mass  is  elevated  to  a  pug  mill  (A  of  PI.  XI,  -B),  about  5  feet  in  vertical  height,  in 
which  the  pitch  or  other  stiff  binder  is  softened  by  contact  with  hve  steam.  As 
there  is  no  attachment  on  this  machiue  for  introducing  or  utilizing  superheated 
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steam,  the  range  of  temperatures  in  which  the  binder  could  be  softened  is  very 
limited.  Again,  Uve  steam  is  apt  to  be  wet,  and  is  therefore  often  a  detriment  to 
the  production  of  successful  briquettes. 

From  the  pug  mill  the  plastic  mixture  falls  by  gravity  to  the  feed  box  (B  of 
PL  XI,  B)  of  the  press,  from  which  it  is  forced  by  a  plunger  into  brass-Uned  molds 
(D  of  PL  XI,  B)  on  a  vertical  revolving  table  (C  of  PL  XI,  B).  It  is  here  that 
the  mixture  receives  its  first  compression,  which  is  regulated  by  varying  the  stroke 
of  the  plunger.  After  a  half  revolution  of  the  table  the  mass  in  the  mold  is  heavily 
pressed  by  a  system  of  combined  levers,  the  pressure  being  limited  to  2  tons  per 
square  inch  by  the  yielding  of  a  stiff  spring.  The  pressure,  however,  can  be  varied 
from  a  few  pounds  to  4,000  pounds. 

After  another  quarter  revolution  the  briquettes  are  forced,  by  means  of  a 
plunger,  out  of  the  molds  on  a  sUde  or  table  (F  of  PL  XI,  B)  set  at  a  height 
convenient  for  stacking  on  trucks.  In  general  practice  the  briquettes  are  pushed 
from  the  shde  onto  a  traveling  belt  and  are  conveyed  for  a  distance  of  100  to  300 
feet  before  they  are  handled  by  hand.  In  the  experimental  work  at  the  plant  the 
briquettes  were  taken  from  the  slide  or  table  by  hand  as  soon  as  they  were  discharged 
from  the  press  and  stacked  on  a  platform  just  outside  the  building.  The  briquettes, 
as  they  come  from  the  machine,  are  rectangular  (6  by  5  by  4  inches)  except  for 
rounded  corners,  and  weigh  on  the  average  6.8  pounds  each,  the  weight  varying 
mth  the  coal  and  binder  used.  The  maximum  capacity  of  this  press  is  6  tons  of 
briquettes  per  hour. 

This  machine  is  adapted  only  to  those  binders  which  do  not  become  plastic 
before  reaching  the  pug  mill,  and  in  the  experimental  work  the  smallest  quantity 
that  could  be  made  and  at  the  same  time  give  a  satisfactory  test  to  the  coal  and 
binder  was  1  ton.  When  other  binders  besides  pitch  were  used,  as  inorganic  binders 
or  buiders  made  of  a  number  of  different  materials,  it  was  found  imperative  to  weigh 
out  and  thoroughly  mix  the  coal  with  these  binders  before  feeding  the  materials 
to  the  machine.  This  practice  assures  a  definite  percentage  of  binding  material  to 
the  quantity  of  coal  taken. 

AMERICAN  MACHINE. 

In  operating  the  American  plant  the  coal  is  received  from  the  Robins  conveyor 
at  the  level  of  the  second  floor  in  a  bin  of  3  tons  capacity.  From  this  it  is  spouted 
to  a  500-pound  bin  on  a  Fairbanks  platform  scale,  from  which  it  passes  into  the 
boot  of  an  elevator  that  hoists  it  up  and  drops  it  into  a  ISJ-cubic-foot  measuring 
box. 

The  coal  is  then  dumped  into  a  Buffalo  mixer  that  is  fitted  with  steam  jackets 
tor  wanning  the  coal  and  the  binder.  The  binder  is  melted  in  a  small  steam-jacketed 
tank  that  is  entirely  distinct  from  the  main  part  of  the  machine,  from  which  it  is 
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dipped  by  hand  in  the  desired  proportion  and  poured  into  the  mixer.  After  a 
thorough  mixing  the  mass  is  dropped  into  the  feed  sHdes  of  a  tangential  press. 
This  press  consists  of  two  pairs  of  narrow-faced  rolls  (A  of  PI.  XII,  A  and  -B),  in  the 
tores  of  which  are  ovoid  cups  for  receiving  the  mixture  to  be  pressed.  As  these 
rolls  revolve,  the  excess  material  is  squeezed  out,  the  pressure  being  dependent 
upon  the  viscosity  of  the  mixture  that  is  being  compressed.  The  eggettes  are 
deUvered  from  under  the  press  onto  a  short  rubber  belt  (B  of  PI.  XII,  B),  They 
weigh  on  an  average  about  0.3  pound  each. 

The  capacity  of  the  press  is  fully  5  tons  of  eggettes  per  hour,  but  the  output  of 
the  mixing  device  was  much  too  small  for  operating  the  press  at  its  capacity.  As 
arranged,  this  machine  was  adapted  for  the  use  of  soft  binders  only,  and  it  was 
necessary  to  grind  the  coal  at  the  washery.  For  experimental  work,  however,  it 
had  one  advantage  over  the  larger  English  plant,  inasmuch  as  it  permitted  the 
testing  of  mixtures  in  lots  as  small  as  15  pounds,  these  small  quantities  being 
thrown  directly  into  the  feed  hopper  of  the  press.  In  making  these  small  tests 
and  those  in  which  it  was  desired  to  use  a  stiflf  binder,  a  35-gallon  camp  kettle  was 
employed  for  heating  the  mixture.  It  was  also  possible  to  test  on  the  American 
machine  the  mixtures  used  in  the  EngUsh  machine,  by  crushing  up  some  of  the  hot 
briquettes  as  soon  as  they  were  received  from  the  molds  and  transferring  them  at 
once  to  the  feed  box  of  the  American  machine. 

PI.  XII,  A,  B,  are  reproductions  ot  photographs  of  the  American  briquetting 
machine,  B  showing  in  the  foreground  some  of  the  eggettes  that  were  made  on 
this  machine.  In  this  plate  A  represents  the  narrow-faced  rolls  and  B  the  rubber 
belt.  In  PL  XII,  A ,  there  is  represented  a  side  view  of  an  American  eggette  machine, 
similar  to  the  one  that  was  used,  but  moxmted  somewhat  diflFerently,  which  shows 
perhaps  more  clearly  the  arrangement  of  the  tangential  press,  consisting  of  the 
two  pairs  of  narrow-faced  rolls. 

In  the  experimental  laboratory  work  use  was  made  of  a  small  hand  press  that 
was  especially  designed  for  this  purpose.  On  this  machine  a  pressure  varying 
from  0  to  5,000  pounds  per  square  inch  can  be  obtained.  The  briquettes  are 
cylindrical  in  shape,  one-half  inch  in  diameter,  and  can  be  made  of  any  length  from 
one-fourth  inch  to  IJ  inches.  The  results  obtained  on  this  hand  press  were  checked 
very  closely  by  the  briquettes  made  on  the  large  machines,  the  formulas  for  the 
mixtures  having  been  derived  from  experiments  made  with  the  small  press. 

BINDERS  USED. 

It  was  found  that  one  binder  would  give  good  results  with  one  coal,  while  it 
was  impossible  to  use  the  same  binder  with  other  coals.  Then  again,  on  accoimt 
of  the  location  of  the  coal  districts,  it  would  be  impossible  to  use  commercially  a 
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binder  which  it  was  known  would  give  good  results,  and  another  binder  would  have 
to  be  substituted  for  it.  Thus,  in  the  work  done  at  the  coal-testing  plant  an  attempt 
has  been  made  not  only  to  obtain  a  binder  with  which  the  coal  could  be  briquetted, 
but,  as  far  as  possible,  to  devise  a  binder  that  would  make  briquetting  commercially 
possible.  The  greatest  difficulty  was  experienced  with  the  various  grades  of 
Ugnite  coal,  most  deposits  of  which  are  too  remote  from  supplies  of  available 
binders  to  make  it  possible  to  utilize  certain  materials  for  binding  purposes  that 
would  otherwise  give  satisfactory  results. 

The  materials  that  have  been  tried  as  binders  in  the  laboratory  experiments, 
and  on  the  two  briquetting  machines,  include  the  following:  Pitch  of  various  grades, 
creosote,  asphalt  (hard  and  soft,  crude  and  refined),  asphaltio  pitch,  petroleum 
(both  of  paraffin  and  ^phalt  bases),  molasses,  lime,  and  clay. 

PITCH. 

Pitch  is  the  residue  left  from  the  distillation  of  tar  which  is  obtained  (1)  from 
by-product  coke  ovens,  (2)  from  illuminating-gas  plants,  (3)  from  producer-gas 
plants,  (4)  from  Pintsch-gas  plants,  (5)  from  water-gas  plants,  and  (6)  from 
petroleimi-gas  plants.  Pitches  made  from  the  first  three  varieties  of  tar  were 
tested  and  gave  equally  good  satisfaction  when  approximately  of  the  same  composi- 
tion.    Petroleum-gas  tar  gave  the  best  results. 

There  is  considerable  variation  in  the  tars  obtained  by  the  various  processes 
mentioned  above,  the  pitch  obtained  from  different  batches  of  the  same  tar  often 
varying  greatly,  even  when  distilled  to  the  same  final  temperature.  In  order  to 
obtain  a  uniform  grade  of  pitch  it  is  necessary  to  keep  the  fire  at  approximately 
the  same  intensity,  and  it  is  usually  considered  advantageous  to  use  the  same 
still  for  the  same  tar.  Tar  obtained  from  by-product  coke  ovens  differs  in  quality 
from  tar  made  at  illuminating-gas  works,  probably  because  the  condensers  of  the 
former  are  kept  at  a  temperature  so  high  that  the  available  benzole  does  not  enter 
the  tar,  but  is  recovered  separately.  The  by-product  oven  pitch  usually  contains 
much  more  fixed  carbon  than  that  obtained  from  gas-house  tars. 

One  objection  to  the  use  of  producer-gas  tar  is  that  it  contains  much  more 
water  than  the  other  tars,  and  this  water  is  more  intimately  mixed  with  the  tar 
and  harder  to  remove. 

Pintsch-gas  tar  is  obtained  as  a  thin  emulsion  in  water,  from  which  it  can  be 
separated  only  by  standing  long  in  a  tank  at  a  temperature  just  below  212°  F. 
The  tar  is  composed  largely  of  naphthalene  and  benzine.  The  price  of  coal-gas 
tar  varies  considerably,  reaching  at  times  3  cents  per  gallon.  The  entire  output 
of  tar  from  many  illuminating-gas  and  by-product  coke  plants  is  now  purchased  by 
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pitch  manufacturers.  Prices  were  obtained  from  the  Laclede  Gas  Company,  of 
St.  Louis,  Mo.,  which  quoted  6  cents  per  gallon  for  illuminating-gas  tar,  guaranteed 
to  contain  less  than  10  per  cent  moisture.  An  average  sample  of  this  tar  contains 
5.25  per  cent  water,  gives  14,172  British  thermal  units,  and  has  a  specific  gravity 
of  1.21.  Water-gas  tar  is  sold  at  4  cents  per  gallon,  averages  6.75  per  cent  of 
water,  and  gives  15,325  British  thermal  um'ts.  Its  specific  gravity  is  1.12.  At 
present  there  is  no  market  for  Pintsch-gas  tar,  which  has  always  been  sold  cheaper 
than  water-gas  tar.  When  dried,  this  tar  contains  4  per  cent  water,  gives  12,304 
British  thermal  units,  and  has  a  specific  gravity  of  1.18. 

The  pitches  submitted  to  the  plant  for  the  experimental  work  varied  con- 
siderably, and  at  the  beginning  it  was  difficult  to  obtain  pitch  of  the  grade  desired. 
The  first  pitch  received  was  from  the  St.  Louis  works  of  the  Barrett  Manufacturing 
Company.  The  pitch  was  too  hard  and  would  not  soften  at  a  temperature  suffi- 
ciently low  to  be  used  satisfactorily  in  either  the  English  or  the  American  machine. 
It  was  subsequently  shown  that  the  pitch  did  not  contain  a  sufficient  quantity  of 
the  creosote  oils  to  give  it  the  required  binding  qualities.  Throughout  this  report 
this  pitch  is  designated  as  pitch  A.  The  second  lot  of  pitch  was  received  from  the 
Chatfield  Manufacturing  Company,  of  Carthage,  Ohio,  and  was  somewhat  harder 
than  pitch  A,  indicating  that  a  still  greater  per  cent  of  the  creosote  and  lighter 
oils  had  been  driven  off.  Although  these  pitches  would  make  briquettes,  it  was 
necessary  to  use  from  13  to  18  per  cent  of  them,  while  of  a  pitch  containing  the 
proper  amount  of  Ught  oils  only  from  6  to  9  per  cent  would  be  required  with  the 
same  coals.     This  pitch  is  designated  throughout  this  report  as  pitch  X. 

In  order  to  determine  the  quaUty  of  pitch  that  would  be  satisfactory,  some  of 
the  best  tar  from  the  producer-gas  plant  was  heated  until  all  the  water  was 
expelled.  The  boiling  was  continued  until  the  residue  became  brittle  when 
dropped  into  water  having  a  temperature  of  55°  F.  After  bucking  down,  this 
pitch  stuck  together  on  standing  one  week  in  the  laboratory.  It  is  known 
throughout  this  report  as  pitch  Z.  A  long  series  of  tests  was  then  made  with 
this  pitch  upon  various  coals,  and  it  was  found  that  6  per  cent  of  it  made  better 
briquettes  than  13  per  cent  of  pitch  X.  In  order  to  demonstrate  further  that 
the  right  quality  of  pitch  required  a  higher  percentage  of  the  creosote  or  adhesive 
oils  than  pitches  A  or  X,  experiments  were  made  with  hard  pitch  A  and  water-free 
producer-gas  tar.  These  were  melted  together  in  various  proportions  until  a 
product  was  obtained  which  became  brittle  when  dropped  into  water  at  55°  F. 
A  sufficient  quantity  of  this  product  to  briquette  2  tons  of  coal  was  made,  and 
it  was  found  to  give  the  results  desired.  This  pitch  will  soften  when  held  in  the 
mouth;  when  first  bitten  it  cracks  and  crumbles  like  spruce  gum,  but  almost 
immediately  becomes  plastic  and  can  be  chewed  like  ordinary  gum.  This  simple 
test,  in  nearly  all  cases,  will  positively  determine  whether  a  pitch  is  of  the  proper 
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quality  for  briquetting.  This  pitch  is  designated  throughout  this  report  as 
pitch  Y.  Samples  of  it  were  sent  to  the  Barrett  Manufacturing  Company  and 
the  Chatfield  Manufacturing  Company,  and  pitch  of  the  right  quality  was  obtained 
in  quantity.  The  pitches  received  later  from  the  Barrett  Manufacturing  Com- 
pany are  designated  in  this  report  as  pitches  B,  C,  and  D.  Those  received  from 
the  Chatfield  Manufacturing  Company  are  known  as  pitches  E,  F,  and  G. 

Another  pitch  that  was  furnished  by  the  Barrett  Manufacturing  Company 
was  obtained  as  a  by-product  from  the  manufacture  of  gas  from  heavy  petroleum. 
When  hot  this  pitch  has  a  marked  odor  of  kerosene,  but  it  would  not  mix  with 
Kansas  crude  oil.  It  is  lustrous  and  works  well  on  a  cool  day,  but  is  a  little  too 
soft  in  ordinary  weather  for  experimenting  on  the  English  machine.  This  pitch 
is  designated  as  pitch  H  throughout  this  report. 

Analyses  have  been  made  of  pitches  A,  B,  C,  D,  E,  F,  G,  H,  and  X,  by  Mr. 
E.  E.  Somermeier,  in  charge  of  the  chemical  laboratory  of  the  testing  plant,  with 
the  following  results: 

Proximate  analyses  of  pitches. 


Pitch. 

'  Labora- 
1  tory  No. 

A 

1161 

B 

1311 

C 

'       1391 

D 

1465 

E 

'       1464 

F 

i       1457 

G 

1       1453 

H 

1555 

X 

112.'i 

Moisture. 


VolatUe 
matter. 


0.47 

47.93 

1.14 

49.66 

.88 

62.75 

1.45 

54.05 

1.02 

54.11 

.57 

52.98 

.60 

52.53 

1.04 

61.44 

.33 

59.07 

Fixed 
carbon. 


50.79 
47.88 
35.84 
43.91 
44.04 
45.31 
45.62 
36.72 
39.44 


Ash.        Sulphur. 


0.81 

aO.62 

1.32 

.70 

.53 

.57 

.59 

a.  56 

.83 

0.66 

1.14 

a.  80 

1.25 

O.70 

.80 



1.16 


.88 


o  Approximately  determined. 
Ultimate  analyses  of  pitches. 


Pitch. 

A 

B 

C 

D '... 

E 

F 

G 

X 


I^abora- 
tory  No. 

Hydro- 
gen. 

1161 

4.17 

1311 

3.97 

1391 

4.72 

1465 

4.28 

1464 

4.22 

1457 

4.16 

1453 

4.06 

1125 

4.56 

Carbon. 


Nitrogen.    Oxygen. 


sulphur,     ^f-^- 


91.30 
90.89 
91. 16  i 
91.57  I 
91. 30  I 
91.50  j 
90.82  I 
90.34  I 


0.85 
1.05 
1.16 
1.10 
1.00 
1.00 
1.01 


2.25 

2.07 

1.85 

1.90  I 

1.99  I 

1.40 

2.16 


«0.62 


.99  I      2.07 


.58 
.56 
.66 
.80 
.70 
.88 


I      8,782 
8,937 


8,820 


a  Determined  by  Eschka  method. 
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Although  no  definite  conclusions  can  be  drawn  from  the  results  of  these 
analyses,  yet  they  show  that  among  pitches  distilled  from  the  same  tar,  imder 
like  conditions,  those  with  the  highest  percentage  of  volatile  matter  will  give  the 
best  results  in  briquetting.  There  may  be,  however,  a  wide  variation  in  the 
percentage  of  the  volatile  matter  between  two  pitches  made  from  different  tars 
and  distilled  under  different  conditions,  and  yet  they  may  be  of  approximately 
the  same  quality  for  binding  purposes.  Thus  pitches  E,  F,  and  G,  furnished  by 
the  Chatfield  Manufacturing  Company,  made  from  the  same  tar  and  distilled 
under  approximately  the  same  conditions,  showed  binding  power  that  increased 
from  G  to  E  according  to  the  increase  in  the  percentage  of  volatile  matter  and 
the  decrease  in  the  percentage  of  fixed  carbon.  On  the  other  hand,  pitch  B,  which 
was  made  under  entirely  different  conditions  and  from  a  different  tar,  is  much 
lower  in  volatile  matter  and  higher  in  fixed  carbon  than  E,  yet  makes  a  better 
pitch  for  briquetting  than  either  E,  F,  or  G. 

In  order  to  obtain  a  more  definite  estimate  of  the  influence  of  the  composition 
of  pitches  on  their  binding  qualities  and  their  value  in  briquetting,  a  series  of  tests 
was  made  by  distilling  off  their  volatile  contents.  For  this  purpose  a  small  copper 
still  was  constructed  and  distillations  were  made  in  the  laboratory  of  Dr. 
Herman  von  Schrenk.  In  carrying  out  these  experiments,  200  grams  of  the 
pitch  were  placed  in  the  still  and  heated  gradually  until  there  was  nothing  left 
but  a  coke  residue.  In  every  instance  all  the  volatile  matter  had  been  driven  off 
at  a  temperature  of  400°  F.  and  the  residue  was  hard  coke.  The  results  of  these 
distillations  are  given  in  the  table  below: 

DistiUaiion  of  pitches. 


Pitch. 


A. 
B. 
D. 
E. 
O. 
X 


Labora- 
tory No. 


1161 

1311  I 

1465 

1464 

1453 

1125 


Quantity 

of  pitch 

used. 


Tempera- 
ture at 

which 
first  drop 

came 

over. 


Temperar 

tureat 

which  the 

last  of  the 

oil  was 

observed 

to  come 

off. 


Percent- 
age of  oil. 


Final 
tempera- 
ture to 
which 
still  was 
raised. 


Residue. 


Oranu. 
200 
200 
200 
200 
200 
200 


F.      1 

T. 

380  1 

385 

351  ,. 

332 

375 

^m 

370 

324 

382 

391  L 

The  total  percentage  of  oils  given  off  during  the  distillation  of  the  pitches 
was  determined  by  collecting  these  and  weighing  them.  These  results,  while  not 
absolutely  correct,  as  some  of  the  oils  escaped  during  distillation,  are  approximately 


1 

»/'. 

1.36  1 

400 

Hard  coke. 

7.38  1 

400 

Do. 

13.01 

400 

Do. 

1.91 

400 

Do. 

.96 

.400 

Do. 

.71 

400 

Do. 
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correct,  and  are  sufficiently  accurate  for  comparative  purposes,  one  with  another. 
It  will  be  seen  from  the  above  table  that  there  is  a  decided  increase  in  the  percent- 
age of  oils  in  the  pitches,  from  those  that  are  of  little  or  no  value  for  briquetting 
to  those  that  gave  the  best  results.  Pitch  X,  which  was  the  hardest  pitch  tested 
and  which  gave  the  least  satisfaction,  contains  but  0.71  per  cent  of  volatile  oil, 
while  pitch  D,  which  was  the  most  satisfactory  of  those  given  above,  contained 
13.01  per  cent  of  oils.  Pitches  A  and  E,  made  by  different  companies  but  very 
much  aUke  and  of  about  the  same  grade,  were  not  good  pitches  for  briquetting. 
They  contained  1.36  and  1.91  per  cent  of  oils,  respectively.  Pitch  G,  which  was 
harder  than  either  A  or  E,  and  Uttle,  if  any,  better  than  pitch  X,  contained  only 
0.96  per  cent  of  oil.  Pitch  B,  which  was  one  of  the  better  ones  used,  approaching 
D  in  quality,  contained  7.38  per  cent  of  volatile  oils.  The  experiments  have  shown 
that  from  7i  to  14  per  cent  of  these  oils  is  necessary  in  the  pitches  in  order  to 
give  them  the  binding  quaUties  desired  in  briquetting.  Pitches  with  a  higher 
percentage  of  these  oils  are  too  soft  and  can  not  be  used  to  advantage.  Again, 
the  oils  driven  off  from  315°  F.  and  under  are  the  creosote  oils,  for  which  there  is 
developing  a  large  demand.  They  command  a  higher  price  than  the  pitches, 
being  valued  at  from  5i  to  6  cents  per  gallon,  or  about  $15  per  ton.  Creosote 
was  mixed  with  some  of  the  hard  pitches  for  binding  purposes  aiid  the  product 
gave  satisfactory  results. 

ROSIN. 

The  cheaper  grades  of  rosin  can  be  used  for  binding  purposes  to  as  good  advan- 
tage as  the  refined  material,  and,  as  far  as  could  be  judged  from  the  work  done 
in  the  laboratory,  the  crude,  black  rosin  will  give  as  good  satisfaction  as  the  partially 
refined.  Rosin  may,  in  some  cases,  be  used  to  advantage  for  hardening  as  well 
as  for  binding  purposes.  It  has  been  used  with  Ume  and  pitch,  and  good  briquettes 
were  made  with  this  combination.  It  was  found  that  a  better  quality  of  briquettes 
could  be  made  with  a  smaller  percentage  of  a  mixture  of  rosin  and  pitch  as  a  binder 
than  with  pitch  alone.  In  burning  there  is  httle  or  no  odor  from  the  rosin, 
although  there  is  some  tendency  to  smoke.  Lime  was  used  with  the  rosin  to 
prevent,  if  possible,  the  smoking  of  the  rosin  briquettes. 

ASPHALT. 

The  asphalt  used  in  the  experimental  work  was  a  California  refined  asphaltum 
of  grade  B,  which  is  designated  throughout  this  report  asphalt  Bl.  Another  asphalt 
product  of  a  rubbery  consistency  which  was  used  is  known  as  "kopak''  No.  30. 
It  is  manufactured  by  the  Raven  Mining  Company  of  Texas.  This  is  known  as 
asphalt  B2.  An  asphaltic  pitch  made  by  the  Waters-Pierce  Oil  Company  at  one 
of  its  Texas  plants  was  also  used.     It  is  known  as  asphalt  B3.     Crude  asphalt 
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from  Indian  Territory  is  known  as  B4.     The  last  asphalt  is  altogether  too  hard, 
approaching  a  coke  and  containing  but  a  small  percentage  of  volatile  matter. 

A  soft  asphalt  was  received  from  the  Gulf  Refining  Company,  of  Port  Arthur, 
Tex.,  and  is  designated  throughout  this  report  as  asphalt  B5.  An  analysis  of  this 
asphalt  by  Mr.  E.  E.  Somermeier  was  as  follows: 

Analysis  of  soft  asfhaUfrom  the  GvJf  Rffining  Company. 

Per  cent. 

Moisture 0. 00 

Volatile  matter 80.75 

Fixed  carbon 19. 26 

.Ash 00 

Total 100.00 

Another  soft  asphalt  was  furnished  by  Mr.  John  McNeil,  from  Casper,  Wyo., 
and  is  known  throughout  this  report  as  asphalt  B6.  It  is  a  soft,  tough  asphalt, 
which  on  cooling  to  about  40°  F.  became  brittle.  An  analysis  by  Mr.  E.  E. 
Somermeier  gave  the  following  results: 

Analysis  of  a^sphali  frwn  Casper,  Wyo. 

Per  cent. 

Moisture 0. 48 

Volatile  matter 78.  77 

Fixed  carbon 20. 75 

Ash 00 

Total 100.00 

PETROLEUM. 

Petroleum  of  both  paraffin  and  asphaltum  bases  may  sometimes  be  used  to 
advantage  in  briquetting.  On  account  of  lack  of  time  little  experimental  work 
was  done  with  the  petroleums.  Those  that  were  used  were  crude  oil  from  Spindle- 
top,  Tex.,  produced  by  the  Gulf  Refining  Company,  and  a  petroleum  also  from 
the  Beaumont  district,  produced  by  the  Great  Southern  Refining  Company.  The 
latter  had  a  gravity  of  15°  Baum6,  with  a  flash  test  of  505  and  fire  test  570. 
These  are  designated  Pi  and  P2,  respectively,  throughout  this  report. 

The  only  other  oil  that  was  tested  in  briquetting  was  a  Kansas  crude  oil,  which 
is  designated  throughout  this  report  as  P3. 

MOLASSES. 

A  few  experiments  were  made  with  molasses  in  order  to  determine  the  possi* 
biUty  of  utilizing  waste  products  from  cane  and  beet  sugar  refineries  in  briquetting 
lignite  and  Ugnitic  coals  that  occur  in  the  vicinity  of  the  refineries.     Although  no 
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positive  results  have  been  obtained  with  this  binder,  the  work  has  shown  the 
probability  that  such  waste  products  can  be  utilized,  in  connection  with  certain 
other  materials,  to  give  a  satisfactory  binder. 

LIME. 

Lime  has  been  used  in  combination  both  with  rosin  and  with  molasses  and 
some  encouraging  results  were  obtained.  With  the  former  the  lime  was  used 
principally  to  prevent  smoking.  One  of  the  main  objections  to  using  more  than 
a  small  amount  of  Ume  is  the  fact  that  it  increases  the  percentage  of  ash  in  the 
fuel  without  raising  its  heating  efficiency.  On  the  other  hand,  however,  it  is  one 
of  the  cheapest  binders  and  may  be  obtained  at  places  that  are  easily  accessible 
to  most  of  the  coal  districts. 

CLAY. 

A  few  experiments  were  made  with  clay  in  combination  with  other  compounds 
in  an  attempt  to  obtain  a  suitable  binder  for  lignitic  coals,  but  without  success. 

LABORATORY  EXPERIMENTS. 

In  testing  the  value  of  the  various  binders  for  the  briquetting  of  coal,  a  series 
of  experiments  with  each  was  made  in  the  laboratory  by  briquetting  the  mixture 
on  a  hand  press.  The  mixture  of  coal  and  binder  was  heated  in  a  clay  assay  crucible 
over  a  Bunsen  burner.  In  most  cases  they  were  heated  only  to  about  212°  F.,  but 
where  the  binder  was  softened  with  difficulty  the  temperature  was  increased. 
Until  the  regular  hand  press  was  completed,  the  experiments  were  made  on  a  screw 
press  with  a  steel  mold  about  three-eighths  inch  in  diameter.  This  could  be  used 
satisfactorily,  but  there  was  no  way  of  determining  the  amount  of  pressure  applied. 

The  various  coals,  after  they  had  been  heated  with  the  different  binders,  were 
tested  in  the  press  with  varying  pressures  on  the  same  mixtures.  Thus,  for  each 
mixture  there  would  be  a  series  of  6  briquettes  made,  representing,  respectively,  a 
light  pressure,  moderate  pressure,  a  pressure  of  2,500  pounds,  4,000  pounds,  and 
the  maximum  pressure  of  about  5,000  pounds.  The  quantity  of  mixture  fed  into 
the  mold  was  also  varied,  so  that  some  of  the  briquettes  made  Were  only  one-fourth 
of  an  inch  in  length,  while  others  were  an  inch  in  length  in  the  direction  in  which 
the  pressure  was  appUed.  All  the  briquettes  made  with  a  particular  mixture  gave 
practically  identical  results  with  the  same  length  of  briquette  and  there  was  usually 
but  slight  variation  with  briquettes  made  under  different  pressures.  Where  there 
was  a  decided  diflPerence,  due  to  either  the  length  of  the  briquette  or  the  pressure 
appUed,  this  is  indicated  in  the  description  of  the  briquette. 
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PITCHES. 

General  results. — Special  experiments  were  made  with  the  different  pitches, 
A,  B,  etc.,  and  where  there  was  considerable  variation  in  their  composition  more 
complete  experiments  were  made.  The  results  of  experiments  made  with  one  of 
similar  pitches,  however,  as  B,  C,  and  D,  were  regarded  as  significant  of  what 
could  be  done  with  the  others. 

All  of  the  pitches  mix  witli  gas  tars  and  creosote,  making  a  softer  mass  which 
resembles  the  softer  pitches.  They  also  mix  with  rosin  in  any  proportion,  giving 
a  mass  having  the  expected  intermediate  properties.  They  will  not,  however,  mix 
to  any  noticeable  extent  with  any  of  the  Kansas  or  Texas  crude  oils  or  the  refined 
Texas  petroleum  (as  P2),  or  with  hard  Indian  Territory  asphalt  (B4),  California 
asphalt  (Bl),  Texas  rubbery  asphalt  (B2),  the  asphaltic  pitch  (B3),  or  the  soft 
asphalt  (B5).  Experiments  showed  that  rosin  and  oil  would  mix  in  all  proportions, 
and  such  mixed  masses  of  rosin  and  oil  were  tried  in  combination  with  the  pitches, 
but  on  adding  the  pitch  to  this  combined  oil  and  rosin  it  was  found  that  the  oil  was 
liberated  and  the  resultant  mass  was  granular  and  greasy,  without  any  strength 
whatever.  Another  experiment  showed  that  crude  oil  would  neutralize  the  effect 
of  clay  in  a  coal,  and  although  it  was  hoped  that  a  combination  ol  oil  and  jjitch 
might  be  used  it  was  found  that  the  crude-oil  products  would  not  mix  with  any  of 
the  tar  pitches,  and  thus  no  positive  results  could  be  obtained  by  such  combination. 

The  experiments  made  with  pitch  as  a  binder,  when  heated  to  212°  F., 
indicate  that  the  results  are  better  when  there  is  a  slight  amount  of  steam  present. 
When  coal  and  pitch,  mixed  together  with  a  small  amount  of  water,  were  heated 
in  a  clay  crucible  until  steam  began  to  come  off  freely  and  were  then  pressed,  much 
better  results  were  obtained  than  if  the  two  were  heated  dry  to  the  same  temper- 
ature, or  if  the  wet  mixture  were  heated  until  all  the  water  had  been  evaporated. 

Pitch  A. — Experiments  were  made  in  the  laboratory  with  pitch  A  in  order 
to  determine  its  binding  qualities.  Nine  per  cent  of  this  pitch  A  was  mixed  with 
Arkansas  No.  1  coal  and  squeezed  to  the  limit  of  the  screw  press.  The  warm 
mixture  yielded  a  highly-polished  cylindrical  briquette,  which,  after  remaining 
in  a  beaker  of  boiUng  water  tor  two  hours,  showed  no  noticeable  softening.  This 
same  mixture  was  further  heated  until  the  pitch  began  to  smoke  and  was  then  put 
through  the  screw  press.     The  resulting  briquette  was  smooth  and  clean. 

Seven  per  cent  of  pitch  A  and  Arkansas  No.  4  coal,  when  heated  in  an  assay 
crucible  and  run  through  the  hand  press,  made  a  fair  briquette  which  burned  well. 
Six  per  cent  of  this  same  pitch  and  Arkansas  No.  6  coal,  heated  in  the  same  way 
and  with  the  maximum  pressure  of  the  hand  press,  made  a  crumbly  briquette. 

Alabama  No.  1  coal  was  also  tested  with  pitch  A,  the  coal  having  been 
previously  crushed  to   pass  a  60-mesh  sieve.     With  7  per  cent    pitch  A,  when 
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the  mixture  was  heated  so  as  nearly  to  burn  the  fingerS;  the  resultant  briquettes 
were  just  beginning  to  cohere.  With  9  per  cent,  it  mad^  a  well-pressed,  coherent, 
but  rough  briquette.  With  11 J  per  cent,  the  briquettes  were  little  or  no  better, 
except  that  they  were  somewhat  cleaner.  With  20  per  cent,  when  the  mixture  is 
only  just  warm,  but  with  a  maximum  pressure,  the  resultant  briquette  was  good. 
All  these  briquettes  were,  however,  dirty. 

The  above  experiments  show  that  the  best  practical  results  with  this  hard  pitch 
were  obtained  by  using  9  per  cent  of  it  with  an  easily  briquetting  coal;  with  other 
coals  the  percentage  should  be  much  higher. 

Pitch  A  was  further  tested  with  rosin,  first  with  2  per  cent  of  pitch  and  3  per 
cent  of  rosin.  The  resultant  briquette  was  hard  but  not  strong.  With  4  per  cent  of 
rosin  and  2  per  cent  of  pitch  A  the  briquettes  were  somewhat  better  and  were,  cleaner 
and  harder  than  the  ones  made  with  7  per  cent  of  pitch  A  alone,  but  no  satisfactory 
results  were  obtained  with  pitch  A  and  rosin.  A  more  detailed  description  of  these 
results  is  given  under  the  head  of  ''Rosin,"  page  1408. 

Pitch  B. — This  pitch  was  tested  with  West  Virginia  coking  coal.  With  3  per 
cent  of  pitch  B  a  fair  briquette  was  obtained.  With  4  per  cent  the  resulting  bri- 
quette was  a  little  better,  and  with  5  per  cent  a  good  briquette  w^as  made  which  had 
the  desired  lustrous  fracture.  With  Arkansas  No.  4  coal  6  per  cent  of  this  pitch  was 
needed  to  give  the  desired  results,  and,  as  this  coal  represents  more  nearly  the  char- 
acter of  the  coals  to  be  briquetted  this  Avas  accepted  as  the  percentage  required  of 
this  and  the  similar  pitches  C  and  D  to  make  a  good  briquette.  A  series  of  experiments 
was  also  made  with  this  pitch  and  lime.  Arkansas  No.  4  coal  was  used  with  5 
per  cent  Ume  and  1  per  cent  pitch  B  and  steam.  A  briquette  w^as  obtained  that, 
even  after  standing  one  day  in  order  to  allow  the  binder  to  set,  was  very  incoherent. 
With  4  per  cent  lime  and  2  per  cent  pitch  B  the  resultant  briquette  was  somewhat 
better.  Three  per  cent  lime  and  3  per  cent  pitch- B  gave  still  better  results,  especially 
with  an  increase  of  pressure.  With  2  per  cent  lime  and  4  per  cent  pitch  B  a  good 
briquette  was  obtained,  but  not  so  good  as  those  with  6  per  cent  of  pitch  B  alone. 
The  experiments  indicated  that  there  is  no  advantage  in  using  lime  with  pitch  in  an 
attempt  to  reduce  the  percentage  of  pitch.  If,  however,  some  third  substance  which 
will  react  with  the  lime  can  be  used  it  may  be  possible  thus  to  produce  a  binder  which 
will  be  cheaper  than  pitch  alone  and  quite  as  satisfactory. 

Pitches  C  and  D, — These,  which  are  similar  to  B,  were  used  with  the  formulas 
derived  for  B  and  in  nearly  all  cases  the  runs  made  on  the  English  and  American 
machines  were  satisfactory. 

Pitch  E, — This  pitch,  which  melts  at  180°  F.,  is  a  trifle  too  hard  for  satisfactory 
briquetting  on  the  English  machine  and  is  not  equal  to  pitches  B,  C,  or  D.  This 
pitch  was  tested  alone  on  Illinois  No.  4  coal,  with  6,  7,  8,  and  9  per  cent  pitch.     With 
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6  per  cent  the  briquette  was  noncoherent;  with  7  per  cent  a  fairly  strong  briquette 
was  obtained;  with  8  per  cent  a  briquette  was  obtained  that  was  neariy  satisfactory; 
and  with  9  per  cent  an  excellent  briquette  was  made.  With  Arkansas  No.  5  coal, 
which  makes  an  excellent  briquette  with  6  per  cent  of  pitch  B,  it  was  necessary  to 
use  8  per  cent  of  pitch  E  to  obtain  a  corresponding  briquette.  Pieces  of  this  pitch, 
on  being  placed  in  the  sun  for  ten  hours,  will  stick  together. 

Another  series  of  experiments  with  pitch  E  was  made  with  Kentucky  No.  2  coal. 
Tlus  coal  was  crushed  so  that  half  would  pass  through  a  20-mesh  sieve  and  half 
through  a  lO-mesh  sieve.  With  7  per  cent  of  pitch  E  a  briquette  was  obtained  that 
was  just  coherent;  with  8  per  cent  the  briquette  was  nearly  satisfactory;  but  with 
9  per  cent  an  excellent  briquette  was  obtained  similar  to  those  made  with  the  Illinois 
No.  4  coal. 

Pitch  G. — This  pitch,  which  melts  at  196°  F.,  is  too  hard  (as  are  A  and  X)  to  be 
used  alone  in  briquetting.  Seven  per  cent  of  pitch  G  and  1  per  cent  of  creosote  were 
used  in  briquetting  Indian  Territory  No.  6  coal,  the  result  being  a  rather  crumbly 
briquette.  One  and  a  half  per  cent  creosote  and  6i  per  cent  pitch  G  with  the  same 
coal  makes  a  briquette  which  is  soft  when  first  taken  from  the  mold,  but  which  after 
standing  twenty-four  hours  is  fairly  strong  and  hard.  With  IJ  per  cent  creosote  and 
8  per  cent  pitch  G  a  better  briquette  was  obtained,  which,  however,  was  still  soft  and 
crumbly  and  not  so  good  as  those  made  of  1  per  cent  creosote  and  7  per  cent  pitch. 
With  1 J  per  cent  creosote  and  8  per  cent  pitch  G,  a  good  briquette  was  obtained  that 
disintegrated  but  little  in  the  fire,  and  this  formula  was  used  in  making  a  trial  run  of 
briquettes  on  the  English  machine. 

This  pitch  was  also  tried  with  Indian  Territory  No.  6  coal  by  using  1  per  cent  of 
Kansas  oil,  2  per  cent  rosin,  and  4  per  cent  of  the  pitch.  The  briquette  obtained, 
while  coherent,  breaks  easily,  having  but  little  strength,  and  is  greasy.  Without 
the  oil  it  is  dry  and  crumbly. 

Pitch  X. — ^This  pitch,  which  contained  only  0.71  per  cent  of  volatile  matter,  was 
tested  with  a  number  of  the  coals  and  it  was  found  that  from  13  to  20  per  cent  was 
required  to  make  a  briquette  that  was  at  all  coherent.  Experiments  were  made  with 
this  pitch  with  70  per  cent  Pennsylvania  No.  2  anthracite  coal  and  30  per  cent  West 
Virginia  No.  1  bituminous  coal.  To  these  mixed  coals  was  added  8  per  cent  of  pitch 
X.  The  briquettes  were  incoherent  and  crumbly.  With  10  per  cent  of  pitch  X 
they  were  somewhat  better;  with  11  per  cent  the  briquette  w^as  coherent  and  hard; 
with  12  per  cent  stDl  better,  and  with  13  per  cent  they  were  very  satisfactory. 
Briquettes  were  also  made  by  using  12  per  cent  pitch  X  with  a  mixture  of  coal 
containing  80  per  cent  of  the  anthracite  and  20  per  cent  of  the  bituminous  and  with 
60  per  cent  of  the  anthracite  and  40  per  cent  of  the  bituminous.  All  of  these  made 
good  briquettes  that  burned  without  any  disintegration  in  a  muffle.     Pennsylvania 
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No.  2  anthracite  coal  was  also  tested  alone  with  12  per  cent  pitch  and  the  resultant 
briquette  was  satisfactory.  In  all  of  the  above  cases  the  mixture  was  heated  in  an 
assay  crucible  until  the  pitch  softened.  No  experiments  on  the  English  machine, 
however,  could  be  made  with  these  combinations. 

Pitch  Z. — The  gas-producer  pitch  Z  was  tested  with  Arkansas  No.  3  coal  by 
using  6.7  per  cent  of  the  pitch.  While  hot  these  briquettes  were  soft,  but  upon  stand- 
ing one  hour  they  became  very  hard  and  had  a  glossy  or  lustrous  fracture.  When 
tested  in  the  muffle  they  burned  without  disintegration. 

ASPHALTS. 

Asphalts  were  used  alone  as  a  binder  and  also  in  combination  with  other  com- 
pounds. A  number  of  satisfactory  results  were  obtained  in  the  laboratory  work,  but 
only  a  few  of  the  asphalts  could  be  tried  on  either  the  English  or  American  machine, 
neither  of  which  was  adapted  to  the  use  of  such  mixtures. 

California  asphalt,  Bl. — ^This  asphalt  is  brittle  at  ordinary  temperatures  and 
can  be  readily  disintegrated.  At  212  °  F.  it  softened  slightly,  and  it  is  soft  and  very 
sticky  after  melting.  It  mixes  readily  with  the  Spindletop,  Tex.,  petroleum,  Pi, 
and  the  residual  product  of  Beaumont  petroleum,  P2,  in  all  proportions,  and  can 
therefore  be  thinned  to  any  consistency.  A  series  of  experiments  was  first  made 
with  4  per  cent  of  this  asphalt  and  Arkansas  No.  5  coal,  from  which  a  fair  briquette 
was  obtained.  With  5  per  cent  the  briquette  is  satisfactory,  and  with  6  per  cent  it  is 
only  a  little  better.  By  using  6  per  cent  of  the  asphalt,  moistening  the  mixture,  and 
then  heating  until  steam  came  off,  a  briquette  was  obtained  that  was  intermediate  in 
quality  between  those  made  with  4  and  5  per  cent,  which  were  mixed  dry  and  raised 
to  a  higher  temperature.  This  indicates  that  to  obtain  the  best  results  with  this 
asphalt  it  would  be  necessary  either  to  heat  the  mixture  with  superheated  steam  or  to 
add  crude  oil. 

This  California  asphalt  was  further  tested  with  the  Indian  Territory  No.  6  coal. 
With  7  per  cent  a  poor  briquette  was  obtained;  with  8  per  cent  the  briquette  was 
somewhat  better,  but  incoherent  and  crumbly,  and  with  10  per  cent  an  excellent 
briquette  was  obtained  that  was  strong  and  sufficiently  hard,  but  showed  many 
clayey  streaks.     These  Indian  Territory  briquettes  burned  fairly  well  in  the  muffle. 

Asphalt  product  (Jcopalc),  B2, — This  Texas  asphaltic  compound  is  of  a  rubbery 
consistency  at  ordinary  temperatures,  and  at  212°  F.  softened  slightly  without  becom- 
ing sticky.  It  melted  at  a  rather  high  temperature  and  was  still  rubbery,  but  very 
adhesive.  Alone  it  can  not  be  disintegrated  readily  in  warm  weather,  but  in  a  low 
temperature  it  can,  with  some  care,  be  crushed.  It  is  not  affected  by  the  crude 
Texas  oil,  Pi,  or  the  residual  petroleum  from  Texas,  P2.  With  the  warm  asphaltic 
pitch  it  mixes  readily  and  but  little  of  this  pitch  is  needed  to  make  a  soft,  very  sticky 
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mass.  With  ordinary  coal-tar  pitches  this  asphaltic  compound  will  not  mix  at  all. 
With  rosin  the  rubbery  asphalt  mixjBs  readily,  and  the  resulting  product  can  be 
cracked  quite  easily.  It  is  very  strongly  tenacious  and  somewhat  elastic.  This 
asphalt  has  qualities  that  should  make  it  a  desirable  binder  and  it  may  perhaps  be 
advantageously  used  in  briquetting  lignites. 

This  rubbery  asphalt  was  tested  with  a  dry  Texas  lignite,  12  per  cent  of  the 
asphalt  being  used  as  a  binder  and  heated  hot  without  steam.  The  resulting  bri- 
quette was  excellent  iii  appearance,  tough  and  strong,  but  does  not  bum  well, 
although  it  had  more  cohesion  than  a  lignite  briquette  made  with  pitch.  By  using 
12  per  cent  and  heating  with  steam  in  the  usual  manner  a  briquette  was  obtained 
that  was  fully  as  strong  as  the  one  heated  to  a  higher  temperature.  When  the  mold 
was  warm  a  black,  glossy  briquette  was  produced  which,  in  appearance,  was  one  of 
the  best  lignite  briquettes  made.  With  10  per  cent  of  asphalt  there  was  apparently 
no  differeface  in  the  appearance  of  the  briquette.  They  disintegrated  in  the  furnace, 
however,  and  for  this  reason  this  line  of  experimentation  was  not  pursued  further. 

This  rubbery  asphalt  was  further  tested  by  using  6  per  cent  of  it  in  combination 
with  4  per  cent  of  the  asphaltic  pitch,  B3,  and  the  dry  Texas  lignite.  The  resultant 
briquette  was  soft  when  taken  from  the  mold.  After  standing  one  hour  it  presented 
a  fair  appearance,  but  had  no  coherence  when  burning,  showing  that  no  advantage  is 
to  be  gained  by  adding  the  asphaltic  pitch. 

Asphaltic  pitchy  BS, — This  asphaltic  pitch,  made  by  the  Waters-Pierce  Oil 
Company  at  one  of  its  Texas  plants,  was  found  to  have  excellent  binding  quaUties 
and  to  be  of  the  right  consistency  to  work  easily.  This  pitch  was  tested  first 
with  Arkansas  No.  5  coal,  by  using  6  per  cent  of  pitch  as  a  binder  and  heating 
to  a  moderate  temperature  in  an  as^ay  crucible.  Th^  briquettes  were  somewhat 
porous  and  not  strong.  By  using  8  per  cent  of  the  pitch  and  moderate  pressure 
a  good  briquette  which  stood  up  well  in  the  fire  was  obtained.  With  Arkansas 
No.  6  coal  6  per  cent  of  this  pitch  made  a  tough  and  elastic,  but  rather  soft  bri- 
quette. This  pitch  was  also  tried  with  Arkansas  No.  5  coal  by  heating  with 
steam.  First  5  per  cent  of  pitch  was  used  and  then  6  per  cent,  both  proportions 
giving  elastic  briquettes,  similar  to  those  made  by  heating  the  dry  mixture,  but 
not  so  strong.  The  pitch  may  be  said  to  make  a  tough  and  elastic  briquette,  but 
apparently  it  does  not  give  the  degree  of  hardness  that  can  be  obtained  by  using 
pitches  made  from  coal  tar. 

,  Another  test  was  made  with  this  asphaltic  pitch  in  combination  with  lime. 
Briquettes  were  made  with  Arkansas  No.  5  coal  by  using  2  per  cent  of  the 
asphaltic  pitch  and  4  per  cent  of  lime  as  binder.  The  briquette  showed  little  or 
no  coherence  when  taken  from  the  mold  and  no  change  in  physical  character 
at  the  end  of  forty  hours.     Three  per  cent  of  pitch  and  3  per  cent  of  lime  made 
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a  briquette  that  was  only  slightly  better.  Four  per  cent  of  pitch  and  4  per  cent 
of  lime  made  a  fair  briquette,  which  was  improved  a  little  by  an  increase  of  pres- 
sure. Four  per  cent  of  pitch  and  3  per  cent  of  lime  gave  practically  the  same 
result.  As  there  was  apparently  no  reaction  between  the  pitch  and  lime  no 
advantage  was  gained  in  using  lime. 

A  series  of  experiments  was  made  with  this  asphaltic  pitch  in  combination 
with  rosin.  Five  per  cent  of  the  pitch  and  1  per  cent  of  rosin,  when  heated  dry, 
made  an  excellent  briquette  with  Arkansas  No.  2  coal,  but  it  was  somewhat  soft 
upon  being  taken  from  the  mold  and  did  not  become  hard  after  being  exposed 
for  twenty-four  hours.  With  4  per  cent  pitch  and  2  per  cent  rosin  a  briquette 
was  obtained  that  was  satisfactory  in  every  way.  Three  per  cent  pitch  and  3  per 
cent  rosin  gave  apparently  the  same  results  as  4  per  cent  pitch  and  2  per  cent 
rosin.  With  2  per  cent  pitch  and  4  per  cent  rosin  a  good  briquette  was  obtained, 
which,  however,  was  slightly  brittle.  One  per  cent  pitch  and  5  per  cent  rosin 
made  a  hard  and  strong  briquette,  but  it  was  more  brittle  than  the  preceding. 
The  briquettes  made  from  4  per  cent  asphaltic  pitch  and  2  per  cent  rosin  and 
from  3  per  cent  pitch  and  3  per  cent  rosin  were  of  equal  value;  but  as  the  3  to  3 
briquette  would  probably  be  the  cheaper,  this  ratio  has  been  adopted.  For  fm-ther 
tests  of  this  pitch  see  page  1414. 

Indian  Territory  asphalt,  B^, — ^This  asphalt  does  not  soften  at  all  in  boiling 
water,  evens  when  tested  as  powder.  It  melts  to  a  stiflF,  sticky  liquid  rather  sud- 
denly just  below  its  ignition  point,  which  is  at  a  high  temperature.  It  is  only 
slightly  soluble  in  gasoline.  At  the  boiling  point  there  is  apparently  no  reaction 
between  this  hard  asphalt  and  crude  Kansas  petroleum,  P3,  or  the  Spindletop 
oil.  Pi,  or  the  residual  petroleum,  P2.  Neither  is  there  any  apparent  reaction 
between  this  asphalt  and  melted  rosin.  With  creosote  it  softened  materially, 
and  when  used  with  this  in  the  ratio  of  5  per  cent  of  each  with  90  per  cent  of 
Arkansas  coal  a  fair  briquette  was  obtained.  With  Pintsch-gas  tar  an  apparent 
reaction  took  place  which  caused  the  separation  of  some  of  the  contained  water. 
One  of  the  first  tests  made  with  this  asphalt  was  to  determine  whether  Kansas 
oil  would  have  any  softening  effect  on  the  asphalt,  but  no  matter  what  quantity 
of  oil  was  used,  when  heated  with  steam,  only  a  noncoherent  greasy  mass  was 
formed.  The  asphalt  was  also  tried  alone  with  Arkansas  coal  by  using  4  per  cent 
of  asphalt.  The  mixture  was  used  dry  and  worked  at  a  high  temperature,  but 
the  resulting  briquette  was  poorly  coherent.  With  6  per  cent  of  asphalt  the 
briquette  was  little  or  no  better.  It  is  evident  that  the  asphalt  alone  has  no 
binding  properties,  its  deficiency  in  this  respect  being  probably  due  to  its  low 
percentage  of  volatile  matter. 

Wyoming  asphalt,  B6, — ^This  asphalt  united  readily  with  rosin,  and  in 
preparing  a  mixture  for  briquetting  two  parts  of  asphalt  and  one  part  of  rosin 
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were  melted  together  in  a  kettle  and  then  cooled  over  night.  On  a  cool  day  this 
mass  was  very  brittle,  but  became  sticky  with  a  rise  in  temperature.  In  using 
the  mixture,  one  to  two  parts  of  lime  were  added  to  prevent  its  becoming  too 
soft  while  hot.  The  briquettes  made  with  this  mixture  were  all  right  in  appear- 
ance, but  crumbled  easily  in  burning.  A  Wyoming  lignite,  undried,  was  tested 
with  8  per  cent  of  this  mixture  (two  parts  Wyoming  asphalt  with  one  of  rosin) 
and  1  per  cent  of  slaked  lime.  This  made  a  good  briquette,  which  burned  fairiy 
well.  With  7  per  cent  of  the  mixture  and  1  per  cent  of  lime  the  result  was  prac- 
tically the  same.  With  6  per  cent  of  the  mixture  and  1  per  cent  of  lime  the 
briquette  was  crumbly.  Seven  per  cent  of  the  mixture  alone  without  lime 
appears  a  little  tougher  when  taken  from  the  mold,  but  did  not  bum  so  well. 
Seven  per  cent  of  the  mixture  and  2  per  cent  of  slaked  Ume  was  similar  in  result 
to  the  7  per  cent  of  mixture  and  1  per  cent  of  lime. 

In  testing  this  asphalt  alone  it  was  necessary  to. heat  the  coal  in  an  assay 
crucible,  add  the  fragments  of  asphalt,  knead  them  together,  and  heat  frequently. 
Six  per  cent  of  this  asphalt  alone  would  make  with  Wyoming  lignite  a  strong, 
tough  briquette  which  was  slightly  earthy  in  appearance.  When  tested  in  the 
fire,  however,  the  briquette  fell  to  pieces  at  once. 

ROSIN. 

Rosin  alone  used  as  a  binder  made  hard,  brittle  briquettes,  but  they  were  not 
satisfactory,  principally  on  account  of  their  brittleness,  which  would  prevent 
their  standing  rough  treatment  in  transportation.  The  results  of  the  tests  made 
with  rosin  and  pitch  have  been  recorded  under  'Titch'^  (p.  1402).  Rosin  mixes 
with  almost  all  the  crude  oils  and  their  residual  products  that  have  been  tested 
in  the  laboratory.  It  mixes  readily  with  the  rubbery  asphalt,  B2,  forming  a  still 
more  rubbery  mass,  but  does  not  unite  at  all  with  the  Indian  Territorj^  asphalt, 
B4.  All  of  the  oils  and  petroleums  increased  the  toughness  of  the  rosin,  and  the 
consistency  of  the  resulting  mixtures  varied  from  that  of  wagon  grease  to  that  of 
sticky  rosin.  Five  parts  of  rosin  melted  with  one  part  of  Kansas  crude  petroleum 
gave  a  tough  mass  that  could  just  be  cracked  when  cold,  and  this  seemed  to  be 
the  best  ratio  for  these  two  materials.  With  lime  and  rosin  alone  it  was  found 
that  15  per  cent  of  lime  and  85  per  cent  of  rosin  were  the  proportions  required 
for  a  complete  reaction.  Rosin  with  unslaked  lime  sets  after  melting.  If 
slaked  lime  is  used  the  reaction  occurs  at  212*^  F.,  and  the  color  of  the  mixture 
is  light  gray.  This  cement  will  soften  and  become  sticky  only  at  the  melting 
point  of  lead.  On  cooling  it  is  brittle,  but  stronger  than  rosin.  With  slaked 
Ume  rosin  reacts  and  gives  a  satisfactory  mixture  up  to  3  parts  of  rosin  and  1 
part  of  slaked  lime.     A  combination  of  rosin  and  the  residual   Beaumont  petro- 
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leum,  P2,  was  made  considerably  tougher  by  the  addition  of  lime,  and  for  this 
relatively  more  lime  is  needed  than  when  used  with  rosin  alone.  The  best  com- 
bination obtained  was  6  parts  of  rosin  to  3  parts  of  slaked  lime  and  2  parts  of 
the  petroleum  P2.  With  Kansas  crude  oil  no  positive  results  could  be  obtained. 
Six  parts  of  rosiii,  3  of  lime,  and  4  of  the  Kansas  oil,  P3,  gave  a  greasy,  granular 
mass  without  any  apparent  binding  properties.  With  3  parts  of  oil  instead  of  4 
a  sticky  mass  was  obtained  which,  however,  had  no  strength. 

Rosin  was  tested  with  sulphuric  acid,  and  it  was  found  that  dilute  acid  had 
no  effect  on  the  rosin.  Concentrated  acid  reacts  with  its  own  weight  of  rosin, 
evolving  SO,  and  forming  a  stiff  bright-red  paste.  There  was  apparently  consid- 
erable free  acid  remaining  in  the  paste  which  did  not  react  with  more  rosin. 
When  this  paste  was  added  to  water  there  was  formed  a  pink,  soapy  precipitate. 
Lignite  was  tested  with  10  and  13  per  cent,  respectively,  of  this  mixture,  and  a 
fair  briquette  was  made  in  each  case.  These  softened  slightly  on  standing  and 
disintegrated  in  the  fire.  They  were  of  about  equal  quality  and  equivalent  to  a 
briquette  made  with  a  12  per  cent  rosin. 

A  series  of  experiments  was  made  with  rosin  and  Kansas  crude  oil,  P3,  on 
Indian  Territory  No.  6  coal.  With  5  per  cent  rosin  and  1  per  cent  P3  oil  a  bri- 
quette was  obtained  which  was  poor  when  first  taken  from  the  mold,  but  which 
hardened  after  some  hours  of  exposure.  Six  per  cent  l^osin  and  1  per  cent  P3  oil 
yielded  a  briquette  which  was  slightly  plastic  and  very  tough  and  strong  in  a 
warm  room,  but  brittle  and  somewhat  crumbly  in  the  cold.  It  required  several 
hours  to  harden.  Six  per  cent  rosin  and  li  per  cent  P3  oil  gave  a  briquette  which 
could  be  bent  in  the  fingers,  but  which  was  no  stronger  than  one  made  with  5 
per  cent  of  rosin  and  1  per  cent  of  oil. 

Rosin,  slaked  lime,  and  the  petroleum  residue,  P2,  were  mixed  together  in 
the  proportion  of  3  parts  rosin  to  IJ  parts  slaked  lime  and  1  part  petroleum,  P2. 
This  made  a  tough  mixture  that  could  be  pulverized.  Seven  to  9.6  per  cent  of  this 
mixture  and  Indian  Territory  No.  6  coal  heated  with  steam  made  a  fair-looking 
briquette.     It  was  not,  however,  tough  enough  nor  did  it  burn  satisfactorily. 

Another  combination  was  tried  by  using  3  parts  rosin  to  li  parts  slaked  lime 
to  2  parts  of  Kansas  P3  oil.  This  made  a  granular,  nonbinding  mass.  With  2 
parts  of  rosin  to  1  of  slaked  lime  and  1  of  the  P3  oil,  a  sticky,  oily  mass  was 
obtained,  but  it  was  not  at  all  tough. 

Another  series  of  experiments  was  made  with  the  rosin  and  petroleum  residue, 
P2.  These  were  first  tried  with  equal  parts  of  each,  which  made  a  very  sticky, 
plastic  mass.  With  6  parts  of  rosin  and  4  parts  of  the  petroleum  P2  a  mass  was 
obtained  that  became  hard  when  plunged  into  cold  water.  With  4  parts  rosin  and 
1  part  of  the  petroleum  P2    a  mass  was  obtained  which  was  slightly   brittle  at 
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ordinary  temperatures,  but  which  melted  completely  at  a  temperature  below 
212°  F.  These  proportions  were  therefore  decided  as  the  best  and  the  mixture 
was  tried  with  the  Arkansas  No.  5  coal  by  using  4  per  cent  of  rosin  and  1  per  cent 
of  the  petroleum  P2  as  a  binder.  The  resulting  briquettes  were  the  best  that  were 
made  in  the  laboratory  and  were  hard  enough  to  dent  wood.  When  thrown 
violently  against  a  cement  floor,  they  broke,  with  fracture  across  the  grain  and 
without  any  dirt.  This  briquette  also  burned  exceptionally  well.  The  Indian 
Territory  No.  6  coal  was  tried  with  a  mixture  of  3  per  cent  rosin  and  2  per  cent 
petroleum,  P2,  but  the  briquette  was  oily,  soft,  and  plastic.  With  a  mixture  con- 
taining 5  per  cent  of  the  rosin  and  2  per  cent  of  the  petroleum  P2  an  excellent 
briquette  was  obtained.  With  4i  per  cent  rosin  and  li  per  cent  of  the  petroleum 
P2  a  briquette  was  obtained  that  was  practically  as  good  and  represented  the  best 
proportion  to  be  used  with  the  coals  of  the  type  of  Indian  Territory  No.  6.  This 
briquette  was  nearly  as  good  as  those  made  with  10  per  cent  of  the  California 
asphalt,  Bl. 

Other  tests  for  rosin  are  given  under  the  laboratory  experiments  made  with 
the  Texas  Ugnite  (pp.  1413-1416). 

PETROLEUM. 

All  the  crude  oils  and  petroleums  can  be  stiffened  to  some  extent  by  mixing 
with  rosin  or  hard  pitch.  None  of  the  petroleum  and  oils  that  have  been  tested, 
however,  could  be  used  alone  in  briquetting  any  of  the  coals.  Most  of  them  were 
too  fluid  and  had  Uttle  or  no  binding  quaUties.  The  residual  product  obtained 
by  refining  some  of  the  Beaumont  oils,  which  had  a  gravity  of  15°  Baum6,  was  a 
stiff  and  sticky  oil  at  ordinary  temperatures.  This  oil,  P2,  was  tried  alone  with 
Arkansas  No.  5  coal,  6  per  cent  of  the  oil  being  used.  The  briquette  obtained  was 
greasy,  flexible,  and  without  sufficient  strength  or  hardness. 

The  combinations  made  with  petroleum  have  been  previously  described  under 
pitch  and  rosin  and  are  further  described  under  the  special  laboratory  work  on 
the  Texas  lignite. 

MOLASSES. 

The  molasses  experimented  with  in  the  laboratory  was  that  which  can  be 
bought  in  any  market.  It  was  always  used  in  combination  with  lime.  In  using 
thick  molasses  it  was  found  advantageous  to  dilute  it  with  twice  its  weight  of 
water,  and  the  Ume  was  slaked  to  a  paste  with  twice  its  weight  of  water.  When 
these  two  reagents  were  mixed  together  they  had  no  apparent  reaction  until  they 
were  dried  out.  By  using  1  part  of  water  to  1  of  molasses  and  2  of  lime  there 
was  no  apparent  excess  of  either,  and  the  mixture  set  at  once  to  a  rather  hard 
cement  similar  to  plaster  of  Paris.  A  series  of  experiments  was  made  with 
Arkansas  No.  6  coal,  by  using  slaked  lime  equivalent  to  5  per  cent  of  unslaked 
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lime,  diluted  molasses  equivalent  to  1  per  cent  of  the  undiluted,  and  94  per  cent 
of  the  coal.  The  briquettes  were  somewhat  friable  when  taken  from  the  mold, 
but  became  hard  after  standing  six  hours,  and  in  twenty-four  hours  they  were 
hard  and  strong.  When  immersed  in  water,  they  remained  intact  for  about  forty- 
eight  hours,  when  they  began  to  crumble.  With  a  mixture  equal  to  3  per  cent 
of  unslaked  lime  and  3  per  cent  of  undiluted  molasses  with  94  per  cent  of  the 
coal,  a  briquette  was  obtained  that  was  rather  soft  when  first  taken  from  the  mold, 
but  became  hard  in  five  hours.  It  burned  with  intumescence.  With  1  per  cent 
of  lime  and  5  per  cent  of  molasses,  a  briquette  was  produced  which  hardened 
slowly  and  at  the  end  of  forty-eight  hours  was  tough  and  elastic,  but  not  hard. 
At  the  end  of  seven  days  this  briquette  had  become  extremely  hard.  In  breaking 
it  had  a  lustrous  fractures  and  powdered  only  slightly.  When  tested  in  water, 
it  took  several  days  to  soften  and  weaken  it.  This  ratio  of  5  molasses  and  1  of 
lime  gave  the  best  results. 

Another  test  was  made  by  mixing  dry  4  per  cent  of  quicklime  with  the  coal, 
and  then  adding  3  per  cent  of  the  molasses  that  had  been  previously  diluted. 
The  briquettes,  as  taken  from  the  mold,  were  soft  and  crumbly,  having  little  or 
no  cohesion.  A  brown  Texas  lignite  crushed,  half  to  pass  through  a  10-mesh 
sieve  and  the  other  half  to  pass  through  a  20-mesh  sieve,  was  dried  and  tested 
with  the  molasses  and  lime  in  the  ratio  of  5  to  1.  The  lime  was  first  slaked  to 
produce  a  dry,  white  powder,  and  the  molasses  was  diluted  with  an  equal  weight 
of  water.  The  very  fine  slaked  lime  equivalent  to  1  per  cent  of  unslaked  lime 
and  the  Hgnite  were  mixed  dry  and  then  the  diluted  molasses,  equal  to  5  per  cent 
of  the  pure  molasses,  was  thoroughly  mixed,  a  little  at  a  time,  ^dth  the  mixed 
lime  and  lignite,  enough  extra  hot  water  being  added  to  thoroughly  moisten  the 
mass.  The  main  difficulty  was  in  making  the  hgnite  moist.  With  5  per  cent 
of  molasses  and  2  per  cent  of  lime,  the  resultant  briquette  was  just  coherent,  and 
many  small  intersecting  perpendicular  cracks  developed  on  relieving  the  pressure. 
On  standing  forty-eight  hours  the  cracks  had  not  enlarged  and  the  briquettes 
were  hard,  brittle,  glossy,  and  brown.  With  7  per  cent  of  molasses  and  2  per  cent 
of  lime,  the  briquettes  were  similar  to  the  others  when  first  taken  from  the  mold, 
but  became  slightly  harder  in  forty-eight  hours  and  darker  in  color.  With  7  per 
cent  of  molasses  and  4  per  cent  of  lime,  fewer  cracks  developed  on  relieving  the 
pressure,  but  the  briquette  was  still  soft.  In  forty-eight  hours,  however,  it  was 
noticeably  stronger  than  either  of  the  other  two  and  of  a  blacker  color.  With 
10  per  cent  of  molasses  and  3  per  cent  of  lime,  similar  cracks  developed  on  reheving 
the  pressure,  and  on  standing  forty-eight  hours  the  briquette  was  as  hard  as  those 
with  7  and  4  per  cent,  respectively.  With  14  per  cent  of  molasses  and  4  per  cent 
of  lime,  a  fair  briquette  was  obtained  when  first  taken  from  the  mold.  This  was 
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somewhat  crumbly,  however,  and  at  the  end  of  forty-eight  hours  showed  little 
change.  The  character  of  this  briquette  was  not  changed  by  using  the  extieme 
pressure  obtainable  on  the  screw  machine.  With  12  per  cent  of  molasses  and  4 
per  cent  of  lime,  the  briquette  was  better,  but  still  not  strong  while  fresh.  In 
forty-eight  hours  it  had  hardened  somewhat,  but  had  developed  many  of  the 
drying  cracks.  With  16  per  cent  molasses  and  2  per  cent  lime,  there  was  an  excess 
of  molasses,  this  being  squeezed  out  in  applying  the  pressure.  This  briquette  was 
fairly  good  while  fresh,  but  became  too  brittle  on  drying.  It  did  not,  moreover, 
stand  up  well  in  the  fire.  With  the  higher  percentage  of  lime  there  was  less 
tendency  to  crack,  and  while  in  the  present  series  of  experiments  Httle  lime  was 
used  in  excess  of  the  amount  required  for  forming  calcium  saccharate,  it  may  be 
that  a  further  addition  of  lime  would  make  a  briquette  that  would  behave  better 
in  the  fire. 

WAX  TAILINGS. 

• 

A  sample  of  wax  tailings  received  from  the  Standard  Oil  Company  was  com- 
bined with  Arkansas  coal.  With  98  per  cent  of  coal  and  2  per  cent  of  wax  no 
coherence  was  established  under  moderate  pressure.  With  4  per  cent,  either 
hot  or  cold,  an  elastic  briquette  was  obtained  which  was  fairly  clean,  but  which 
yielded  under  slowly  applied  pressure.  These  briquettes  were  tested  in  a  scorifier 
placed  in  a  muffle,  and  seemed  to  burn  perfectly.  With  additional  pressure  a 
briquette  (containing  4  per  cent  wax)  was  obtained  which,  while  it  had  no  greater 
strength  than  the  othei,  was  smooth  and  clean.  With  5  per  cent  of  the  wax  and 
with  light  pressure,  a  briquette  was  obtained  which  was  rather  sticky  and  which 
showed  an  excess  of  wax  by  sticking  to  the  plunger. 

The  wax  was  also  tried  with  some  of  the  harder  pitches.  With  1  per  cent 
of  wax  and  3  per  cent  of  pitch  X  a  noncoherent  briquette  was  obtained;  1  per 
cent  of  wax  and  5  per  cent  of  pitch  X  produced  the  same  result,  regardless  of  the 
pressure  used;  and  with  2  per  cent  of  wax  and  4  per  cent  of  pitch  X  a  briquette 
was  obtained  similar  to  the  one  in  which  13  per  cent  of  pitch  X  alone  was  used. 
It  was,  however,  not  a  satisfactory  product. 

ACID   SLUDGE. 

Some  acid  sludge  was  received  from  the  Gulf  Refining  Company,  of  Port 
Arthur,  Tex.  It  was  mixed  with  water,  producing  a  weak  acid  solution,  which 
did  not  seriously  attack  iron.  Part  of  this  sludge  was  a  thin,  greasy  mass,  and 
the  remainder  was  of  a  rubbery,  granular  consistency.  These  two  parts  did  not 
mix  when  they  were  heated  together  to  the  melting  point.     The  stiffer  portion 
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of  the  sludge  will  mix  with  melted  rosin,  and  this  mixture  resembles  the  rubbery 
petroleum,  B2.  On  account  of  lack  of  time  no  further  iwprk  was  attempted 
with  this  acid  sludge.  '"  .... 

LIME.  ,        ,,i 

No  experiments  were  made  with  lime  alone,  as  the  percentage  required  for 
making  a  coherent  briquette  was  so  high  as  to  preclude  entirely  its  use  as  a  binder. 
Lime  was  used  principally  with  rosin  and  molasses  in  experiments  that  have  already 
been  described  (see  pp.  1408  and  1411). 

CLAY. 

Clay  alone  was  tried  up  to  8  per  cent,  but  in  no  case  was  a  briquette  obtained 
that  would  hold  together  on  drying,  although  the  clay  used  was  a  superior  potter's 
clay.  In  making  the  laboratory  briquettes  the  clay  was  used  only  in  connection 
with  lignite,  in  order  to  determine  its  effect  on  the  strengthening  of  the  briquettes. 
With  2  per  cent  of  the  clay  little  or  no  effect  was  noticed  in  the  briquette  when  rosin 
and  the  petroleum  P2  were  used.  With  4  per  cent  of  clay  the  quantity  of  the 
other  two  required  was  reduced  from  6  per  cent  to  5J  per  cent  each  and  made  a 
briquette  that  held  together  somewhat  better  in  the  fire.  On  account,  however, 
of  the  large  increase  in  ash  caused  by  the  clay,  no  further  tests  were  made  with  a 
higher  percentage  of  clay. 

COALS  USED. 
COLORADO   NO.  1. 

Colorado  No.  1  coal,  which  is  a  black  lignite,  was  tried  without  previous  drying 
with  pitch  D.  With  7  per  cent  of  this  pitch  the  briquette  showed  but  little  cohesion ; 
with  9  per  cent  a  fair  briquette  was  obtained;  while  with  10  per  cent  a  good  one  was 
made,  which  stood  up  fairly  well  in  the  fire.  With  11  per  cent  the  briquette  was 
better  than  with  10,  but  it  was  decided  to  use  10  per  cent  in  making  a  run  on  the 
EngUsh  machine.     A  statement  of  the  results  of  this  run  is  given  on  page  1436. 

TEXAS  NO.   1   BROWN  LIGNITE. 

On  account  of  the  large  areas  of  this  lignite  in  Texas  and  the  importance  of 
utiUzing  it  as  a  fuel,  many  experiments  were  made  in  the  laboratory  in  the  effort 
to  devise,  if  possible,  a  practical  binder  that  could  be  used  for  briquetting  it.  It 
was  first  tried  with  pitch  alone  and  then  with  various  combinations,  the  results  of 
which,  although  mostly  negative,  are  given  below. 

This  lignite  was  first  tried  with  pitch  B,  without  previous  drying  but  after 
crushing,  so  that  one-third  of  that  used  was  40  mesh,  another  third  20  mesh,  and 
the  last  third  10  mesh.     With  6  per  cent  of  pitch  B  heated  in  an  assay  crucible, 
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without  the  addition  of  any  water  to  make  steam,  a  noncoherent  briquette  was 
obtained.  With  6  per  cent  of  the  pitch  and  steam  a  smoother  and  slightly  better 
briquette  was  obtained.  A  briquette  composed  of  this  mixture,  made  with  the 
maximum  pressure  while  the  material  was  hot,  was  smooth  and  firm,  but  began  to 
disintegrate  on  standing  twenty-four  hours.  A  briquette  made  with  lignite  and 
steam  alone  and  submitted  to  the  maximum  pressure  was  similar  to  that  made 
with  the  6  per  cent  pitch,  but  on  standing  one  day  it  became  very  dry  and  crum- 
bly. The  Ugnite  was  then  thoroughly  dried,  when  it  disintegrated  to  a  powder,  and 
it  is  evident  that  it  must  be  at  least  partially  freed  from  water  before  it  can  be 
briquetted  with  pitch. 

Some  of  this  dry  Texas  lignite  was  briquetted  with  6  per  cent  of  pitch  B,  without 
steam.  The  resultant  briquette  was  noncoherent.  With  steam,  however,  it  made 
a  slightly  better  briquette.  With  10  per  cent  of  pitch  B  and  steam  a  briquette 
was  obtained  which  was  fair  when  taken  from  the  mold,  but  which,  when  tested 
in  the  fire,  fell  to  pieces.  With  12  per  cent  of  pitch  B  a  briquette  was  obtained 
that  was  also  fair  when  fresh  from  the  mold,  but  this  also  disintegrated  immediately 
when  placed  in  the  fire.  Kansas  crude  petroleum,  P3,  was  added  to  the  lignite 
and  pitch  mixture  without  beneficial  results. 

The  next  experiments  were  with  the  asphaltic  pitch,  B3,  and  rosin.  With  3 
per  cent  of  this  asphaltic  pitch,  3  per  cent  of  rosin,  and  94  per  cent  of  dry  lignite, 
molded  under  very  high  pressure,  a  briquette  which  was  only  just  coherent  was 
obtained.  With  4  per  cent  of  this  pitch  and  4  per  cent  of  rosin  a  fair  briquette  was 
obtained.  Five  per  cent  of  the  pitch  and  5  per  cent  of  rosin  gave  a  fairly  strong 
briquette,  which  crumbled  slightly.  With  6  per  cent  of  each  a  briquette  was 
obtained  that  was  satisfactory  physically,  but  crumbled  in  the  fire.  Ten  per  cent 
of  pitch  and  2  per  cent  of  rosin,  or  2  per  cent  of  pitch  and  10  per  cent  of  rosin,  made 
fair  briquettes,  but  not  equal  to  the  6  to  6.  All  of  the  briquettes  made  with  the 
asphaltic  pitch  and  rosin  crumbled  in  the  fire. 

Another  series  of  experiments  was  made  on  this  lignite  with  rosin  and  lime. 
With  6  per  cent  of  rosin,  2  per  cent  of  quicklime,  and  92  per  cent  of  the  dry  Texas 
lignite,  heated  with  steam,  a  briquette  was  obtained  that  had  little  or  no  coherence. 
With  a  mixture  of  8  per  cent  of  rosin  and  90  per  cent  of  lignite,  to  which  was  added 
4  per  cent  of  lime  that  had  been  boiled  in  water,  a  fair  briquette  was  obtained.  If 
this  mixture  is  quite  dry  and  is  squeezed  immediately  on  mixing,  it  will  stand  up 
in  the  fire  better  than  a  briquette  made  with  rosin  alone,  but  it  is  too  soft  to  handle. 

Another  sample  of  the  lignite  was  crushed  to  10  and  20  mesh  and  heated  until 
it  was  charred  black.  Twelve  per  cent  rosin  and  2  per  cent  lime,  which  had  been 
previously  mixed  together  in  boiling  water,  when  combined  with  the  lignite  made 
a  briquette  which  was  excellent  physically,  but  which  disintegrated  in  the  fire. 
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Briquettes  made  of  the  lignite,  previously  mixed  dry  with  12  per  cent  of  rosin  and  2 
per  cent  of  quicklime  and  heated  with  steam,  cracked  through  the  center  when  the 
pressure  was  relieved,  and  fragments  tested  in  the  fire  disintegrated  completely. 
The  charred  lignite  was  then  ground  to  60  mesh  and  tested  with  10  per  cent  of  rosin 
and  2  per  cent  of  lime,  but  there  was  no  coherence  at  all  in  the  briquette.  With 
12  per  cent  of  rosin  and  2  per  cent  of  lime  a  poor  briquette  was  obtained  from  this 
finely  powdered  material — one  much  inferior  to  that  made  by  using  the  coarser 
charred  lignite  and  the  same  ratio  of  rosin  and  lime.  It  also  disintegrated  com- 
pletely in  the  fire.  Another  portion  of  the  lignite,  in  quarter-inch  fragments,  was 
thoroughly  charred  and  then  crushed,  one-half  to  20  mesh  and  one-half  to  10 
mesh.  With  12  per  cent  of  rosin  and  2  per  cent  of  lime  the  resultant  briquette 
was  poorer  than  any  of  the  previous  ones. 

It  was  thought  that  perhaps  by  mixing  a  bituminous  coal  with  the  lignite  the 
binder  would  be  more  effective  in  holding  the  particles  of  lignite  together.  For 
this  purpose  a  mixture  was  made  that  contained  10  per  cent  of  Pocahontas  coking 
coal,  8  per  cent  of  rosin,  2  per  cent  of  lime,  and  80  per  cent  of  the  Texas  lignite.  A 
briquette  was  obtained  which  was  physically  successful,  but  it  did  not  stand  up 
in  the  fire  any  better  than  the  others. 

The  Texas  lignite  with  8  per  cent  of  lime  alone  and  steam  made  a  briquette 
that  was  good  physically  when  first  taken  from  the  mold,  but  on  drying  it  began 
to  crumble,  indicating  that  lime,  except  when  used  in  very  large  quantity,  would 
not  successfully  briquette  this  lignite. 

Another  series  of  experiments  was  made  with  the  rubbery  asphalt  B2.  With 
12  per  cent  of  asphalt  B2,  an  excellent  briquette  was  obtained  by  heating  with  the 
lignite  and  without  steam.  It  was  smooth  and  hard,  but  in  the  fire  acted  like 
the  lime-rosin  briquettes  and  crumbled.  With  12  per  cent  of  this  asphalt  heated 
with  steam,  the  briquette  was  also  physically  good,  and  when  the  mold  of  the  press 
was  warm  the  resultant  briquette  was  black  and  glossy.  With  10  per  cent  of  this 
asphalt  and  steam,  the  briquette  was  just  as  good.  This  briquette,  however,  did 
not  stand  up  well  in  the  fire.  With  6  per  cent  of  this  asphalt  and  4  per  cent  of 
the  asphaltic  pitch  B3  and  steam,  the  resultant  briquette  was  almost  noncoherent 
while  warm,  but  became  stronger  on  standing  one  hour.  It  was  a  fair  briquette, 
but  disintegrated  in  the  fire. 

The  lignite  was  also  tested  with  rosin  and  the  petroleum  P2.  With  9  per 
cent  of  the  rosin  and  3  per  cent  of  petroleum  P2,  the  briquettes  expanded  imme- 
diately upon  relieving  the  pressure,  and  large  cracks  developed.  These  cracks, 
however,  closed  up  as  the  briquette  cooled  and  the  result  was  a  briquette  of  fair 
hardness  and  strength,  which,  however,  disintegrated  in  the  fire.  With  7  per  cent 
of  rosin  and  5  per  cent  of  petroleum  P2,  the  resultant  briquette  was  too  soft,  showing 
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the  need  of  more  rosin  in  the  mixture.  Some  cracks  developed,  as  in  the  previous 
ones,  and  in  burning  the  briquette  disintegrated  completely.  With  9  per  cent  of 
rosin,  3  per  cent  of  petroleum  P2,  and  3  per  cent  of  slaked  lime,  a  good  briquette 
was  obtained  that  did  not  expand  and  crack  upon  relieving  the  pressure.  It 
burned  in  the  fire  with  some  cohesion,  but  was  no  better  than  the  rosin  and  lime 
alone,  and  there  was  apparently  no  advantage  in  adding  the  petroleum  P2. 

WEST  VIRGINIA   NO.   3. 

This  coal,  which  is  a  good  coking  coal,  was  tried  in  the  laboratory  to  determine 
what  could  be  done  toward  briquetting  it  without  any  binder  whatever.  Heated 
to  212°  F.  and  then  subjected  to  the  maximum  pressure  on  the  hand  press,  a  fair 
briquette  was  obtained  without  any  binder.  It  was  not  strong,  however,  and  caked 
in  burning.  When  the  coal  was  heated  imtil  it  began  to  smoke,  beautiful,  polished 
briquettes  were  obtained,  but  these  were  but  little  stronger  than  the  previous 
ones.  When  heated  until  caking  began  and  then  subjected  to  the  maximum 
pressure,  an  excellent  briquette  was  obtained. 

OTHER  COALS. 

Many  other  coals  were  tested  in  the  laboratory  with  the  same  end  in  view, 
and  it  was  found  that  in  nearly  all  cases  a  coking  coal  could  be  briquetted  without 
the  introduction  of  any  binding  material.  In  these  experiments  it  was  noted  that 
the  coal  needed  to  be  heated  until  it  began  to  cake,  and  that  it  was  necessary  to 
feed  the  hot  coal  direct  to  the  press,  as  even  slight  cooling  seemed  to  diminish  its 
briquetting  properties.  Another  peculiarity  indicated  by  a  number  of  experiments 
was  that  after  the  coal  has  been  heated  until  it  began  to  cake  and  was  then  cooled 
and  reheated,  it  had  lost  some  of  its  briquetting  properties. 

COMPRESSION  TESTS. 

In  order  to  obtain  some  standard  of  comparison  between  the  briquettes,  the 
crushing  strength  of  many  of  them  was  determined  in  the  compression  testing 
machine  exhibited  by  the  Association  of  American  Portland  Cement  Manufacturers, 
in  its  laboratory  in  the  Cement  Building  at  the  World's  Fair,  St.  Louis,  Mo.  The 
compressor  was  a  200,000-pound  Olsen  machine.  When  only  a  1-ton  lot  was  made 
the  briquettes  selected  for  these  tests  were  the  best  ones  obtained,  as  it  was  reason- 
able to  suppose  that  in  making  a  larger  run  the  average  briquette  would  be  equal 
to  the  better  ones  made  on  the  small  lots.  Of  the  5  to  15  ton  lots,  the  average 
briquettes  were  taken. 

The  briquettes  were  tested  on  the  machine  lengthwise,  as  that  position  gave 
a  uniform  area   of    28.7  square  inches,  the  cross-section  area  of  the  molds.     The 
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thickness  of  the  briquettes  varied  from  5.75  to  6  inches,  depending  upon  the  pres- 
sure. Any  differences  due  to  lack  of  parallelism  between  the  ends  were  automatic- 
ally corrected  by  the  swiveling  head  of  the  machine.  Pieces  of  millboard  were 
placed  between  the  briquettes  and  the  steel.  After  a  few  preliminary  tests,  it  was 
found  that  the  slowest  speed  of  compression  was  the  most  satisfactory.  The  tests 
made  on  this  machine  and  their  results  were  as  follows: 

Arkansas  No.  4  coal  itnth  6  per  cent  pitch  B. 


No. 


Character  of  briquette  made  and  speed  of  compreaflion. 


Average  good  briquette  with  comers  broken.    Slow  speed. 

Excellent  briquette.     Highest  speed 

Average  briquette.    Slow  speed 

Rather  porous,  poorly  pressed  briquette 


Average  crushing  strength  used 

Average  crushing  strength  per  square  inch. 


Load  required 
to  crush  bri- 
quette having 

area  of  28.7 
square  inches. 


Pounds. 

18,550 

.  11,050 

14,550 

11,250 

17,500 
610 


Arkansas  No.  4.  coal  with  3  per  cent  rosin  and  3  per  cent  pitch  A. 


No. 


Character  of  briquette  made  and  speed  of  compression. 


Average  slightly  porous  briquette.     Medium  speed. 


Good  briquette,  denser  than  2  and  apparently  better. 
Good  briquette,  but  with  comers  broken 


Slow  speed. 


Average  crushing  strength  used 

Average  crushing  strength  per  square  inch . 


Load  required 
to  crush  bri- 
quette having 

area  of  28.7 
square  inches. 


Pounds, 
6,850 

9,740 

8,100 

8,520 


8,780 
306 
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lUinoia  No.  4  coal  with  6  per  cent  pitch  D. 
[Ualfdisintegrrator.Ja 


No. 


Character  of  briquette.^ 


Average  crushing  strength  used 

Average  crushing  strength  per  square  inch . 


I  Load  required 
to  crash  bri- 
I  quette  having 
I    area  of  28.7 
I  square  inches. 


{       Pounds. 

6,050 

3,850 

4,100 

J  6,550 


5,100 
181 


a  This  refers  to  the  speed  of  the  disintegrator.    See  p.  1392. 

b  All  the  briquettes  of  this  lot  were  crumbly  and  most  of  them  were  badly  cracked.    Four  of  the  better  ones  were 
selected. 


Illinois  No.  4  coal  vnth  8  per  cent  pitch  D. 
[Half  disintegrator.] 


No. 


Character  of  briquette. 


I 

1  i  Average  briquette,  slightly  porous 

2  I  A  more  compact  briquette,  but  somewhat  cracked . 

3  A  good  briquette,  better  than  the  previous  one 

4  i  A  good  briquette 


Average  crushing  strength  used 

Average  crushing  strength  per  square  inch . 


Load  required 
to  crush  bri- 
quette having 

area  of  28.7 
square  inches. 


Pounds. 

8,480 

8,680 

9,950 

10,200 

9,327 
325 
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Illinois  No,  4  cod  with  8  per  cent  pitch  E. 
[Full  disintegrator.] 


No. 


Character  of  briquette. 


Briquette-exhibiting  cracks  perpendicular  to  pressure. 

Good  briquette  with  few  cracks 

-.-do 

Fair  briquette  with  but  few  cracks 

Average  crushing  strength  used 

Average  crushing  strength  per  square  inch 


Load  lequiied 
to  crush  bri- 
quette haying 

area  of  28.7 
square  inches. 


Pounds. 
6,460 
6,050 
6,340 
5^400 

6,000 
209 


Illinois  No.  4  coal  with  8  per  cent  pitch  E. 
[Half  dishitegrator.] 


No. 


Character  of  briquette. 


1  !  Good  briquette,  but  somewhat  porous . 

2  I  Apparently  the  same 

3    do 


Apparently  more  compact,  but  with  cracks  developed . 


Average  crushing  strength  used 

Average  crushing  strength  per  square  inch . 


Illinois  No.  4  coal  with  9  per  cent  pitch  E. 
[Full  disintegrator.] 


Load  required 
to  crush  bri- 
quette having 

area  of  28.7 
square  inches. 


Poufids. 
8,450 
6,870 
6,960 
6,780 


7,265 
253 


No. 


Character  of  briquette. 


1  Good  briquette. 

2  I  Good  briquette,  but  rather  porous. 
3 
4 


Good  briquette,  showing  some  cracks. . . 
Good  briquette,  but  comers  broken  off. 


Average  crushing  strength  used 

Average  crushing  strength  per  square  inch . 


Load  required 
to  crush  bri- 
quette having 

area  of  28.7 
square  Inches. 


Pounds. 

10,420 

8,370 

9,310 

8,400 


9,125 
352 


1420 


OPERATIONS   OF    THE   COAL-TESTING   PLANT. 


Illinois  No.  ^  coal  vnth  8  per  cent  pilch  H. 
[Half  disintegrator.] 


No. 


Character  of  briquette. 


1  Good  briquette 

2  '  Good  briquette,  with  one  crack  developed. 

3  Similar  to  1 

4  do 


Average  crushing  strength  used 

Average  crushing  strength  per  square  inch . 


Load  required 
to  crush  bri- 
quette having 

area  of  28.7 
square  inches. 


Pounds. 
13,900 
11,950 
12,050 
11,720 


12, 810 
446 


Indian  Territory  No.  6  coal  vjith  7  per  cejit  pitch  D. 


No. 


Character  of  briquette.o 


Average  crushing  strength  used 

Average  crushing  strength  per  square  inch . 


Load  required 
to  crush  bri- 
quette having 

area  of  28.7 
square  inches. 


Pounds. 
5,150 
5,400 
5,200 
6,650 

5,600 
195 


a  The  samples  tested,  although  the  best  obtainable,  were  rather  weak  and  crumbly,  but  on  account  of  their  porosity 
required  more  compression  than  usual  before  breaking. 

Indian  Territory  No.  6  coal  with  8  per  cent  pitch  G  and  !{  per  cent  of  creosote. 


No.  I 


1 
2 
3  ' 


Character  of  brlquette.a 


Average  crushing  strength  used 

Average  crusliing  strength  per  square  inch . 


Load  required 
to  crush  bri- 
quette having 

area  of  28.7 
square  inches. 


Pounds. 
6,920 
5,900 
6,700 


6,500 
226 


a  The  briquetU\H  that  were  tested  were  good  average  briquettes  and  the  fragments  were  too  hard  and  tough  to  be  broken 
in  the  fingers. 
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Indian  Territory  No.  6  coal  with  6  per  cent  rosin  and  1  per  cent  Kansas  petrdUunif  PS. 


No. 


Character  of  briquette. « 


I- 


Load  required 
to  crush  bri- 
quette having 

area  of  28.7 
square  incbes.o 


Rather  porous 

This  one  crushed  very  rapidly 

A  smooth  and  perfectly  shaped  briquette,  but  one  in  which  the  rosin  had  not  been  per- 
fectly melted. 

Similar  to  3 

Average  crushing  strength  used 

Average  crushing  strength  per  square  inch 

o  For  the  compression  tests  the  best-looking  briquettes  were  selected. 
Indian  Territory  No.  6  coal  with  8  per  cent  asphalt  Bo. 


Pound*. 
4,800 
4,200 

9,240 
7,400 


6,400 
223 


No. 


Character  of  briquette.^ 


Load  required 
to  crush  bri- 
quette having 

area  of  28.7 
square  inches.^ 


1  I  Very  porous 

2  I  Best  briquette,  heavy  and  firm  . 

3  I  Very  porous 

4  ,  A  fair  briquette,  similar  to  2 . . . 


I 


Average  crushing  strength  used 

Average  crushing  strength  per  square  inch 


Poundt. 
2,400 
5,100 
1,800 
3,550 

3,200 
111 


a  All  of  these  yielded  considerably  in  the  machine  and  would  have  given  a  higher  crushing  strength  if  they  had  been 
tested  fast. 

Kentucky  No.  2  coal  with  8  per  cent  pitch  E. 

[Half  disintegrator.] 


No. 


Character  of  briquette. 


Good  briquette 

do 

do 

Ck>mpact,  but  slightly  cracked  and  crushed  on  onl}*^  one  side. 

Average  crushing  strength  used 

Average  crushing  strength  per  square  inch 


Load  required 
to  crush  bri- 
quette having 

area  of  28.7 
square  inches. 


Pounds. 
11,650 
11,400 
10,460 
11,700 


11,300 
394 
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New  Mexico  No.  1  coal  vnth  8  per  cent  pitch  D. 


No. 


Character  of  brtqiietto.a 


Load  required 
to  crush  bri- 
quette having 

area  of  28.7 
square  inches. 


Pounds. 

Fair  briquette 6,820 

do 6,640 

do 7,900 

Average  crushing  strength  used |  7, 120 

Average  crushing  strength  per  square  inch ,  248 

I 

o  All  were  the  best  selected  briquettes. 

New  Mexico  No.  1  coal  with  10  per  cent  pitch  D. 


No. 


Character  of  briquette.* 


Load  required 
to  crush  bri- 
quette having 

area  of  28.7 
square  inches. 


1  '  Fair  briquette. 


.do. 
.do. 


Average  crushing  strength  used 

Average  crushing  strength  per  square  inch . 


a  These  were  also  selected  specimens  from  one  ton  lot. 
New  Mexico  No.  1  coal  with  8  per  cent  pitch  H. 


Pounds. 
8,000 
4.850 
4,850 

5,900 
206 


,  Load  required 

I   to  crush  bri- 

No.  '  Character  of  briquette.*  quette  having 

!     area  of  28.7 
'  square  inches. 

I       Pounds. 

1  Good  briquette,  but  showing  some  cracks 12, 240 

2  A  perfect  briquette 16, 650 

3    do 10,250 

'  Average  crushing  strength  used '  13, 050 

Average  cnishing  strength  per  square  inch 454 

a  These  were  a  much  better  briquette  than  those  with  the  10  per  cent  piteh  D  and  represent  the  best  lignite  briquettes 
that  have  been  made. 
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Pennsylvania  No.  S  coal  with  7  per  cent  pitch  B, 
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No. 


Character  of  briquette.a 


1  Good  briquette 

2    do 

3  '  Good,  but  faces  not  quite  parallel 

4  I  Fair  briquette,  but  somewhat  open 

Average  crushing  strength  used,  omitting  No.  4. 
Average  crushing  strength  per  square  inch 


Load  required 
to  crush  bri- 
quette having 

area  of  28.7 
square  inches. 


Poundi. 

16,240 

16,550 

18,450 

9,200 


17,100 
596 


aThMe  briquettes  had  been  exposed  to  the  weather  for  over  a  month  and  were  somewhat  pitted  by  rain.    They  were, 
however,  all  good  briquettes. 

Pennsylvania  No.  3  coal  wiih  9  per  cent  West  Virginia  No,  3  coal  and  7  per  cent  pitch  B. 


No.' 


Character  of  briquette.^ 


I 


1  '  A  hard,  well-formed  briquette. 

2    do 

3    do 

4  ' do 


Load  required 
to  crush  bri- 
quette having 

area  of  28.7 
square  Inches. 


I 


Average  crushing  strength  used 

Average  crushing  strength  per  square  inch . 


PoundM. 
5,850" 
3,700 
5,100 
3,100 

4,500 
156 


o  These  were  all  perfect  briquettes  and  had  also  been  exposed  to  the  weather  for  over  a  month.    The  specimens  used  were 
all  selected  ones. 

It  is  very  evident  from  a  comparison  of  these  compression  tests  of  the 
briquettes  made  with  anthracite  coal  that  the  introduction  of  a  soft  coking  coal 
with  the  anthracite  reduces  the  crushing  strength  of  the  briquette,  although  it 
stands  the  weather  somewhat  better  than  the  anthracite  briquette  with  pitch  alone. 
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Wyoming  No.  1  dry  coal  with  8  per  cent  pUch  H. 


No. 


Character  of  briquette.^ 


Load  required 
to  crush  bri- 
quette having 

area  of  28.7 
square  inches. 


I 


A  perfect  briquette 

A  good  briquette,  but  showing  some  cracks 

A  tough  briquette  showing  a  few  cracks 

A  hard,  tough  briquette,  with  one  imperfect  face . 


Average  crushing  strength  used 

Average  crushing  strength  per  square  inch . 


Pound*. 

6,950 

7,200 

11,700 

10,500 

9,600 
339 


a  These  briquettes  were  somewhat  similar  to  the  New  Mexico  No.  1,  with  8  per  cent  of  pitch  H. 

Briquettes  made  of  coke  breeze  were  also  tested  on  the  compression  machine, 
with  results  shown  below. 

Colce  breeze  with  8  per  cent  of  pilch  D. 


No. 


Character  of  briquette  and  pressure  used. 


Load  required 
to  crush  bri- 
quette having 

area  of  28.7 
square  inches. 


Strong,  hard  briquette,  maximum  pressure. 
do 


Average  for  compact  briquettes  . 
Average  per  square  inch 


Rather  porous  briquettes . 
do 


Average  for  porous  briquettes . 
Average  per  square  inch 


Pownda. 
30,450 
30,100 

30,275 
1,055 

22,100 
22,800 

22,450 

782 


The  coke-breeze  briquettes  were  far  stronger  than  any  other  made,  as  is  indi- 
cated by  the  results  of  the  compression  tests. 

While  the  results  shown  in  the  preceding  tables  are  to  some  extent  comparable 
one  with  another,  they  do  not  give  the  desired  information  regarding  the  actual 
strength  or  endurance  of  the  briquettes,  for  in  some  instances  the  crushing  strength 
is  rather  high,  while  the  briquettes  themselves  could  not  have  been  handled  to  any 
great  extent  without  breaking.  The  most  satisfactory  test  for  determining  the 
strength  of  the  briquettes  would  be  afforded  by  a  rattler  or  tumbler,  such  as  is  used 
for  cleaning  iron  castings.  This  would  give  results  that  could  be  compared  and 
would  determine  the  relative  strength  of  the  briquettes  and  the  amount  of  handling 
they  could  stand  in  transportation. 


BKIQUETTING   TESTS. 
SPECIFIC-GRAVITY  DETERMINATIONS. 
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In  determining  the  specific  gravity  of  the  briquettes,  fragments  of  those  broken 
in  the  compression  testing  machine  were  used.  Two  or  more  determinations 
were  made  upon  briquettes  of  the  same  character,  each  being  made  upon  pieces 
of  about  65  grams  in  weight,  taken,  as  far  as  possible,  from  the  different  briquettes. 
The  following  are  the  results  of  the  specific-gravity  determinations: 


Coal. 


Arkansas  No.  6 

Do 

Illinois  No.  4 

Do 

Do 

Do 

Do 

Do 

Indian  Territory  No.  6. 

Do 

Do 

Do 


Binder. 


Specific  gravities  deter-    I  ^^^ 
™^°«^-  I     uaed 


Kentucky  No.  3 

New  Mexico  No.  1 . . 

Do 

Do 

Pennsylvania  No.  3. 

Do 


Wyoming  No.  1 

Coke  breeze  (strong  briquettes). . 
Coke  breeze  (weak  briquettes) 


1 
6  per  cent  pitch  B ' 

3  per  cent  pitch  A  and  3  per  cent  rosin  . 

6  per  cent  pitch  D  (half  disintegrator) .  | 
8  per  cent  pitch  D  (half  disintegrator). .  | 
8  per  cent  pitch  E  (half  disintegrator). .  j 

8  per  cent  pitch  E  (full  disintegrator) . .  1 

9  per  cent  pitch  E  (full  disintegrator) . .  | 
8  per  cent  pitch  H  (half  disintegrator)  . ; 

7  per  cent  pitch  D 

8  per  cent  pitch  A  (1 J  per  cent  creosote) 
8  per  cent  asphalt  B5 

6  per  cent  rosin  (1  per  cent  petroleum 

P3). 

8  per  cent  pitch  E 

8  per  cent  pitch  D 

10  per  cent  pitch  D 

8  per  cent  pitch  H 

7  per  cent  pitch  B 

7  per  cent  pitch  B  and  9  per  cent  West 

Virginia  No.  3. 

8  per  cent  pitch  H 

8  per  cent  pitch  D 

do 


1.16,  1.24, 
1.12,  1.15, 
1.16,  1.25, 
1.11,    1.14, 

1.13, 
1.03,    1.06, 

1.08, 
1.08,    1.15, 

1.19, 

1.21, 
1.19,  1.21, 
1.25,    1.20, 


1.16 

1.13 

1.15 

1.10 

1.13 

1.025 

1.075 

1.11 

1.22 

1.22 

1.25 

1.27 


I 


1.12,    1.15,  1.13 

1.13,  1.29 

1.016,  1.025 

1.07,  1.057 

1.24,    1.28,  1.296 

1.186,  1.163 

.  yo,     .  ys,  .  yy 

1.03,  1.02 

1.001,  1.004 


1.17 

1.13 

1.16 

1.11 

1.13 

1.03 

1.08 

1.11 

1.205 

1.215 

1.22 

1.25 

1.13 

1.13 

1.02 

1.063 

1.28 

1.174 


1.025 
1.002 


WEIGHT  OF  BRIQUETTES. 

In  order  to  ascertain  the  average  weight  of  each  lot  of  briquettes  made  on 
the  English  machine,  24  of  each  lot  were  selected,  1  from  each  wheelbarrow 
full,  as  they  were  taken  from  the  platform  to  be  piled  in  the  yard.  These  24  were 
weighed  and  the  average  of  these  was  taken  to  represent  the  average  weight  of 
that  particular  run  of  briquettes. 
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MTEATHERING. 

In  order  to  make  a  definite  comparison  of  the  weathering  properties  of  the 
briquettes,  the  24  of  each  lot  that  were  weighed  in  determining  the  average  weight 
of  the  briquette  were  piled  up  side  by  side  in  a  fenced-off  portion  of  the  yard  to 
be  left  during  the  winter.  Some  of  these  had  already  been  standing  exposed  to  the 
weather  for  over  two  months  and  others  for  a  month. 

The  subjoined  report  of  Prof.  A.  A.  Steel  shows  the  conditions  of  samples 
of  the  various  briquettes  after  one  winter's  exposure  to  the  weather. 

''On  April  10,  1905,  the  briquettes  made  last  fall  were  found  to  be  in  the 
following  condition  after  exposure  to  the  weather  throughout  the  winter: 

''Arkansas  No.  5:  8.7  per  cent  pitch  A.  Considerably  eroded  upon  exposed 
surfaces  owing  to  the  rain  washing  away  the  finer  particles  of  coal.  Briquettes 
weak. 

"Arkansas  No.  6:  3  per  cent  rosin,  2  per  cent  pitch  B.  Somewhat  eroded 
and  weaker  than  when  first  made. 

"Arkansas  No.  6:  3  per  cent  rosin,  2  per  cent  pitch  A.-  Slightly  eroded,  but 
still  strong. 

"Arkansas  No.  6:  3  per  cent  rosin,  3  per  cent  pitch  A.  Very  little  erosion 
and  unimpaired  strength. 

"Arkansas  No.  6:  6  per  cent  pitch  B.  These  briquettes  show  no  apparent 
change  due  to  weather. 

"Arkansas  No.  6:  6.5  per  cent  pitch  A.  Very  much  eroded  and  rounded  on 
comers. 

"Arkansas  No.  6:  8  per  cent  pitch  A.  Badly  eroded,  with  much  white  eflBo- 
rescence  on  the  sides  of  the  pile. 

"Colorado  No.  1:  7  per  cent  pitch  D.  Considerably  eroded  and  the  more 
exposed  comers  and  edges  badly  slacked  off  owing  to  decrepitation  of  the  lignite. 
The  briquettes  in  the  center  bf  the  pile  are  nearly  perfect. 

"Illinois  No.  4:  6  per  cent  pitch  D.  Badly  eroded;  comers  washed  away; 
briquettes  crumbly. 

"Illinois  No.  4:  8  per  cent  pitch  E  (one  side  of  disintegrator).  Considerably 
eroded,  so  as  to  expose  the  large  grains. 

"Same  (full  disintegrator).     Less  eroded  and  still  good  except  for  soft  comers. 

"Illinois  No.  4:  9  per  cent  pitch  E  (full  disintegrator).  Slightly  eroded; 
otherwise  good. 

"Illinois  No.  4:  8  per  cent  pitch  D  (one  side  of  disintegrator).  Briquettes 
entirely  unaffected. 

"Illinois  No.  4:  8  per  cent  Texas  asphalt.  Briquettes  perfect,  apparently 
stronger  than  when  first  made. 

"Illinois  No.  4:  8  per  cent  pitch  H.     Briquettes  perfect;  still  glossy. 

"Indiana  No.  1:  7  per  cent  pitch  D.     Briquettes  perfect;  still  glossy. 

"Indiana  No.  2:  7  per  cent  pitch  H.  Briquettes  perfect,  but  not  so  glossy 
as  when  fresh. 
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"Indian  Territory  No.  6:  7  per  cent  pitch  D.  Eroded  on  the  outside  of  the 
pile,  but  fairly  strong  inside. 

"Indian  Territory  No.  6:  9  per  cent  pitch  D.  Somewhat  eroded,  but  the 
inner  briquettes  seem  to  be  stronger  than  when  first  made. 

"Indian  Territory  No.  6:  8  per  cent  pitch  A.     Badh"  eroded  and  very  crumbly. 

"Indian  Territory  No.  6:  6  per  cent  rosin,  1  per  cent  lime.  Somewhat  eroded, 
comers  very  earthy,  color  darker  gray  than  when  fresh,  and  strength  a  little  greater. 

"Indian  Territory  No.  6:  6  per  cent  rosin,  1  per  cent  Kansas  petroleum. 
Badly  eroded,  but  tough  and  strong. 

"  Indian  Territory  No.  6:  8  percent  pitch  G  (IJ  percent  creosote).  Slightly 
eroded,  but  firm  and  strong;  strong  odor  of  creosote  upon  breaking. 

"Indian  Territory  No.  6:  8  per  cent  asphalt  B5.  Briquettes  unchanged  in 
appearance,  but  seemingly  stronger. 

"Indian  Territory  No.  6:  8  per  cent  pitch  H.  Briquettes  excellent;  no 
change  except  a  slight  loss  of  luster. 

"Iowa  No.  4:  8  per  cent  pitch  E.  Slightly  eroded  on  top  of  pile;  some  white 
efflorescence  at  base  of  pile;  briquettes  strong. 

"Iowa  No.  5:  8  per  cent  pitch  E.     Badly  eroded;  much  white  efflorescence. 

"Iowa  No.  5:  7  per  cent  pitch  E.  So  much  eroded  that  the  coarse  grains 
lie  loose  on  top  and  are  exposed  on  outer  edges  of  pile;  corners  very  weak  and 
great  amount  of  white  coating. 

"Kentucky  No.  1:  6  per  cent  pitch  D.  The  more  porous  of  the  briquettes 
are  slightly  eroded,  but  the  others  are  still  perfect  and  glossy. 

"Kentucky  No.  3:  8  per  cent  and  9  per  cent  pitch  E.     Both  are  unchanged. 

"Montana  No.  1:  7  per  cent  pitch  B.     Slightly  eroded,  but  otherwise  perfect. 

"Montana  No.  1:  9  per  cent  pitch  B.  Some  briquettes  slightly  eroded,  others 
perfect. 

"New  Mexico  No.  1:  8  per  cent  pitch  D.  Somewhat  eroded;  briquettes 
light  and  brittle. 

"New  Mexico  No.  1:  10  per  cent  pitch  D.  Same  amount  of  erosion,  but 
more  strength. 

"New  Mexico  No.  1:  8  per  cent  pitch  H.     Briquettes  perfect. 

"New  Mexico  No.  2:  11  per  cent  pitch  X.  Briquettes  reduced  to  earthy 
rounded  lumps. 

"New  Mexico  No.  2:  7  per  cent  pitch  D.  All  fine  material  on  the  surface 
washed  out  and  corners  very  crumbly. 

"New  Mexico  No.  2:  9  per  cent  pitch  D.  Badly  eroded,  but  a  little  better 
than  last  lot. 

"Pennsylvania  No.  3:  9  per  cent  West  Virginia  No.  3,  7  per  cent  pitch  B. 
Slightly  eroded  on  the  surface. 

"Pennsylvania  No.  3:  7  per  cent  pitch  B.  Considerably  eroded,  but  still 
strong. 

"  West  Virginia  No.  6.  All  of  these  with  5  per  cent  pitch  D,  5  per  cent  pitch  Y, 
or  3  per  cent  pitch  Y  have   been  almost  unaffected,  still  retaining  their  glossy 
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appearance.  Of  each  sort  there  are  a  few  of  the  more  porous  briquettes  that 
show  a  little  erosion. 

''Wyoming  No.  1 :  9  per  cent  pitch  H.  These  show  no  pitting  at  all,  but  the 
more  exposed  briquettes  have  scaled  off  at  the  corners,  due  to  decrepitation  of  the 
lignite.     The  inner  ones  are  perfect. 

''Wyoming  No.  1:  8  per  cent  pitch  H.  Considerably  eroded;  somewhat 
disintegrated,  due  to  porosity  and  frost,  and  scaled  sUghtly,  due  to  imperfect  drying 
of  lignit-e  before  briquet  ting. 

"Wyoming  No.  1  (dried):  5  per  cent  Wyoming  asphalt,  2 J  per  cent  rosin, 
1  per  cent  lime.     These  are  badly  disintegrated. 

"Coke  waste,  with  20  per  cent  West  Virginia  No.  6  and  7  per  cent  pitch  Y  and 
with  8  per  cent  pitch  D  alone.  These  have  lost  their  metallic  sheen  and  some  of 
the  looser  fragments  of  coke  which  were  crushed  in  pressing  have  washed  out. 
Some  briquettes  are  perfect. 

"Texas  lignite  (Woodhead's) :  19  per  cent  pitch  X.  These  are  weathered  to 
rounded  lumps  of  earthy  material. 

"Same  with  3  per  cent  pitch  A  extra.  These  are  also  eroded  and  rounded,  but 
still  have  some  shape  and  strength." 

BRIQUETTKS  MANUFACTURED. 

According  to  the  results  obtained  in  the  laboratory  briquettes  in  quantity 
were  made  on  either  the  English  or  the  American  machine  from  the  following 
coals: 

LIST  OF  COALS  BRIQUETTED. 

(1)  Alabama  No.  1.    Bituminous  lump  and  nut  coal  from  mine  No.  8  of  the  Ivy  Coal  and  Iron  Company, 

Horse  Creek,  Ala. 

(2)  Arkansas  No.  1.    Bituminous  lump  and  nut  coal  from  mine  No.  3  of  the  Central  Coal  and  Coke  Company, 

Huntington,  Ark. 

(3)  Aricansas  No.  2.    Bituminous  lump  coal  from  mine  No.  12  of  the  Central  Coal  and  Coke  Company, 

Bonanza,  Ark. 

(4)  Arkansas  No.  3.     Bituminous  lump  and  slack  coal  from  mine  No.  IS  of  the  Western  Coal  and  Mining 

Company,  Jenny  Lind,  Ark. 

(5)  Arkansas  No.  4.     Semibituminous  slack  coal  from  several  Arkansas  mines,  furnished  by  the  Western  Coal 

and  Mining  Company,  St.  Louis,  Mo.     The  coal  came  principally  from  mines  1,  2,  3,  and  4,  near 
Dennine,  Ark. 

(6)  Arkansas  No.  5.     Semibituminous  lump  and  slack  coal  from  mine  No.  4  of  the  Western  Coal  and  Mining 

Company,  Coal  Hill,  Ark. 

(7)  Arkansas  No.  6.     Bituminous  slack  coal  from  mine  No.  18  of  the  Western  Coal  and  Mining  Company, 

Jenny  Lind,  Ark.    This  is  from  the  same  mine  as  Arkansas  No.  3. 

(8)  Colorado  No.  1.     Run-of-mine  black  lignite  from  the  Simpson  mine  of  the  Northern  Coal  and  Coke 

Company,  Lafayette,  Colo. 

(9)  lUinois  No.  1.     BituminoiLs  lump  and  nut  coal  from  mine  No.  1  of  tlie  Western  Anthracite  Coal  and 

Coke  Company,  near  O 'Fallon,  III. 

(10)  Illinois  No.  4.     Bituminous  lump  coal  from  mine  No.  3  of  the  Donk  Brothers  Coal  and  Coke  Company, 

Troy,  111. 
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(11)  Indiana  No.  1.    Bituminous  run-of-mine  coal  from  the  Mildred  mine  of  the  J.  Woolley  Coal  Company, 

Mildred,  Ind. 

(12)  Indiana  No.  2.     Bituminous  run-of-mine  coal  from  the  Electric  mine  of  the  T.  D.  Scales  Coal  Company, 

Boonville,  Ind. 

(13)  Indian  Territory  No.  2.     Bituminous  run-of-mine  coal  from  mine  No.  8  of  the  Rock  Island  Coal  Com- 

pany, Hartshome,  Ind.  T. 

(14)  Indian  Territory  No.  3.     Bituminous  run-of-mine  coal  from  mine  No.  1  of  D.  Edwards  &  Son,  Edwards, 

Ind.  T. 

(15)  Indian  Territory  No.  6.     Bituminous  slack  coal  from  mine  of  the  Southwestern  Development  Company, 

Coalgate,  Ind.  T. 

(16)  Iowa  No.  4.     Bituminous  lump  coal  from  mine  No.  3  of  the  Centerville  Block  Coal  Company,  Center- 

ville,  Iowa. 

(17)  Kansas  No.  2.     Bituminous  lump,  nut,  and  slack  coal  from  mine  No.  11  of  the  Western  Coal  and 

Mining  Company,  Yale,  Kans. 

(18)  Kentucky  No.  1.     Bituminous  run-of-mine  coal  from  Straight  Creek  mine  No.  2  of  the  National  Coal 

and  Iron  Company,  Straight  Creek,  Ky. 

(19)  Kentucky  No.  2.     Bituminous  lump,  nut,  and  pea  coal  from  mine  No.  11  of  the  St.  Bernard  Mining 

Company,  Eku'lington,  Ky. 

(20)  Missouri  No.  1.     Bituminous  run-of-mine  coal  from  New  Home  mine  No.  1  of  the  New  Home  Coal 

Company,  Sprague,  Mo. 

(21)  Montana  No.  1.     Washed  bituminous  coal  from  mine  near  Red  Lodge,  Mont. 

(22)  New  Mexico  No.  1.     Black  lignite  from  Weaver  mine  of  the  American  Fuel  Company,  3  miles  north  of 

Gkllup,  N.  Mex. 

(23)  New  Mexico  No.  2.    Black  lignite  slack  from  the  Otero  mine  of  the  Cale4onian  Cbal  Company,  2  miles 

east  of  Gallup,  N.  Mex. 

(24)  North  Dakota  No.  1.     Run-of-mine  brown  lignite  from  Lehigh,  N.  Dak. 

(25)  Pennsylvania  No.  3.     Anthracite  culm  from  Pennsylvania  QodX  Company,  Scranton,  Pa. 

(26)  West  Virginia  No.  6.     Bituminous  run-of-mine  coal  from  mine  of  the  New  River  Smokeless  Coal  Com- 

pany, Rush  run,  W.  Va. 

(27)  Wyoming  No.  1.    Black  lignite  from  mine  of  the  Wyoming  Coal  and  Mining  Company,  located  at 

Monarch,  Wyo. 

The  above  coals  have  been  tested  with  various  binders  on  both  the  English 
and  American  machines,  and  from  1  to  15  tons  of  briquettes  have  been  made  from 
each  coal.  In  the  following  pages  are  given  descriptions  of  the  binders  used,  of 
the  character  of  the  briquettes  as  they  were  received  from  the  machine  and  after 
they  were  exposed  to  the  atmosphere,  and  of  their  behavior  when  burned. 
These  descriptions  are  taken  up  alphabetically  by  States. 

ALABAMA. 

Alabama  No.  1, — This  is  a  coking  coal  which  can  be  very  readily  manufac- 
tured into  a  briquette  with  hard  pitch  and  which,  under  extreme  pressure,  can 
be  briquetted  without  the  addition  of  any  binder.  There  were  4.5  tons  of  this 
coal  briquetted  on  the  English  machine  with  7  per  cent  of  the  hard  pitch  A.  The 
briquettes  were  strong  and  quite  satisfactory,  except  for  porosity  due  to  a  lack 
ot  sufficient  pressure.     These  briquettes  stand  up  well  in  the  fire,  but  on  long 
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exposure  to  the  weather  disintegrate  somewhat.     The  weight  of  the  briquettes 
averaged  5 J  pounds  each. 

A  steam  test  was  made  of  these  briquettes  with  the  following  results,  the 
results  of  the  steam  test  with  the  original  coal  being  given  for  comparison: 

Re^tdts  of  steam  tests  on  Alabama  No.  1  coal  and  briquettes. 
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ARKANSAS. 


All  of  the  Arkansas  coals  tested  are  similar  in  their  properties.  They  are 
higher  in  fixed  carbon  than  the  ordinary  bituminous  coal  and  are  often  called 
semianthracite  coals.  The  coals  from  Jenny  Lind  and  Denning  show  more  of  this 
semianthracite  character  than  the  coals  from  the  other  sections  of  Arkansas. 

Arkansas  No.  L — This  coal  was  tested  only  with  hard  pitch  A,  as  this  was 
the  only  pitch  available  at  the  time  the  coal  was  briquetted.  Six  tons  of  coal 
were  mixed  with  9.25  per  cent  of  this  pitch  and  made  into  briquettes  on  the 
English  machine.*  The  briquettes  were  compact  and  well  pressed,  but  were  too 
friable  for  handling,  showing  that  they  contained  insufficient  pitch.  They  were 
brownish  in  color  and  very  dirty.  Judging  from  the  results  obtained  in  working 
with  other  Arkansas  coals,  this  coal  will  require  more  than  the  usual  amount  of 
pitch. 

A  sufficient  quantity  of  this  coal  was  formed  into  briquettes  with  which 
steam  tests  were  made.  The  results  of  steam  tests  of  this  coal,  which  was  in  large 
lumps,  and  of  the  briquettes  are  given  in  the  following  table: 

Restdts  of  steam  tests  on  Arkansas  No.  1  coal  and  briquettes. 
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a  For  steam  test,  see  pp.  353-360. 


BBIQUETTING   TESTS. 


1431 


Although  the  actual  steam  test  of  these  briquettes  was  satisfactory  and  they 
showed  up  well  against  the  coal,  yet  the  briquettes  could  not  be  considered  a 
commercial  product  on  account  of  their  friability. 

Arkansas  No,  2. — This  coal  was  tested  with  the  hard  pitch  X,  which  at  the 
time  was  the  only  pitch  available.  The  briquettes  were  made  in  the  English 
machine.  Six  tons  of  crushed  lump  coal  were  run  through  the  machine,  which  was 
set  to  give  approximately  1 1  per  cent  pitch,  but  the  briquettes  were  pitchy  and 
wrinkled  and  probably  contained  nearer  15  percent  than  11  per  cent  pitch."  On 
account  of  the  difficulty  of  setting  the  machine  to  feed  accurate  proportions  of  pitch 
to  the  coal,  the  experiments  after  this  were  conducted  for  the  most  part  by  weigh- 
ing out  the  desired  quantities  of  coal  and  pitch  by  hand.  Pitch  X,  on  account  of 
its  hardness,  set  too  quickly  in  the  molds,  so  that  the  briquettes  were  insufficiently 
pressed  and  consequently  porous. 

Although  they  were  not  commercial  briquettes,  a  steaming  test  was  made  with 
them.  The  results  of  this  test  and  of  the  steaming  test  with  the  original  coal  are 
given  in  the  table  below: 

ResuUa  of  steaming  tests  on  Arkansas  No.  2  coal  and  briquettes. 
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The  greater  percentage  of  volatile  matter  in  the  briquettes  is  due  to  the  large 
amount  of  pitch  used  in  them. 

Arkansas  No.  3. — This  coal  was  briquetted  with  9.5  per  cent  of  the  hard  pitch 
X,  this  proportion  having  been  found  to  be  satisfactory  for  this  coal.  The  coal 
was  slightly  moist,  and  was  in  just  the  right  condition  to  pass  readily  through  the 
machine  without  clogging  the  elevator.  As  the  coal  was  friable  it  was  reduced 
almost  to  a  flour  in  the  disintegrator.  The  briquettes  had  smooth,  polished  surfaces, 
having  been  subjected  to  the  greatest  pressure  possible  with  the  machine.  Some 
of  the  briquettes,  as  delivered  by  the  machine,  showed  cracks  perpendicular  to  the 
pressure,  which  may  have  been  due  to  an  excess  of  pressure.  These  briquettes 
weighed  on  an  average  6.8  pounds  each. 


a  For  steam  test,  see  pp.  309-^76. 
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This  coal  was  also  tested  with  the  somewhat  softer  pitch  A.  One  ton  of  the 
coal  was  mixed  with  8.7  per  cent  of  pitch.  A  large  excess  of  steam  was  introduced 
into  the  pug  mill  so  as  to  soften  the  pitch  as  much  as  possible.  The  briquettes  were 
smooth  and  easily  handled,  but  somewhat  pitchy,  showing  an  excess  of  pitch. 
Under  the  same  conditions  of  heat  and  pressure,  7.5  per  cent  of  pitch  A  would  have 
been  sufficient,  and  if  pitch  of  proper  grade  were  used  a  still  smaller  amount  would 
make  a  good  commercial  briquette.  These  briquettes  ignited  readily  and  did  not 
disintegrate  in  the  fire  until  they  were  consumed. 

The  results  of  the  steaming  test  with  these  briquettes,  together  with  that  made 
with  the  original  coal,  are  given  below: 

Results  of  steaming  test  of  Arkansas  No.  3  coal  and  briquettes. 
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Arkansas  No,  4- — This  consisted  of  slack  coal,  which  was  soaking  wet  when 
received,  and  had  to  be  passed  through  the  drier  before  it  could  be  used.  When 
dried,  it  was  so  brittle  that  the  disintegrators  of  the  English  machine  reduced  it 
to  flour,  which  choked  up  the  elevator  and  other  parts  of  the  machine.  The  first 
run  made  of  this  dried  coal  contained  12  per  cent  of  hard  pitch  X,  and  although 
the  briquettes  when  first  received  from  the  machine  were  compact  and  smooth, 
they  were  incoherent  and  unsatisfactory,  and  on  exposure  to  the  weather  became 
friable  and  soon  began  to  disintegrate.  The  next  test  on  this  finely  divided  coal 
was  with  pitch  A.  One  ton  was  mixed  up  with  10  per  cent  of  pitch.  The  press 
was  run  faster,  not  only  to  increase  the  pressure,  but  also  to  give  the  hard  pitch 
less  time  to  set  in  the  machine.  At  the  same  time  the  speed  of  the  disintegrator 
was  reduced  in  order  not  to  pulverize  the  coal  so  completely.  The  briquettes  were 
pitchy,  and  owing  to  the  excess  of  water  from  condensation  many  cracked  when 
the  pressure  was  relieved.  Another  ton  of  coal  with  8  per  cent  of  pitch  A  was 
found  to  contain  too  much  binder,  and  another  ton  was  made  with  6  per  cent.  The 
latter  briquettes  were  compact  and  well  pressed,  but  did  not  contain  enough  binder. 
Seven  per  cent  of  pitch  A  gave  a  better  result  than  either  6  or  8. 

Another  run  of  this  coal  was  made  with  3  per  cent  rosin  and  2  per  cent  of  pitch 
A.  The  briquettes  were  clean  and  sharp  in  outline,  but  were  somewhat  brittle  and 
had  a  tendency  to  break  into  large  fragments.     They  were,  however,  physically 
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better  than  those  with  6  or  8  per  cent  of  pitch  alone.  In  burning,  they  held 
together  well,  but  smoked  more  than  those  with  pitch  alone.  No  odor  of  rosin 
was  given  off,  however.  This  same  mixture  was  tested  on  the  American  machine, 
which  gave  clean,  polished  briquettes,  which  were  stronger  than  those  made  on 
the  English  machine,  indicating  that  rosin  works  to  better  advantage  in  the  smaller 
and  more  rounded  briquettes.  With  pitch  alone,  however,  and  Arkansas  No.  4 
coal,  a  stronger  briquette  was  made  on  the  English  machine  than  on  the  American. 
The  weight  of  the  briquettes  made  with  rosin  averaged  6.87  pounds  each. 

A  ton  of  this  coal  was  briquetted  with  3  per  cent  of  rosin  and  3  per  cent  of 
pitch  A.  This  made  excellent  briquettes,  which  were  unusually  clean  and  with 
sharp  edges.  They  weighed  6.87  pounds  each.  This  mixture  was  also  tried  on 
the  American  machine  and  gave  exceedingly  smooth  and  lustrous  eggettes,  wliich 
were  stronger  than  the  large  briquettes  made  on  the  English  machine.  Although 
no  boDer  test  was  made  on  these  briquettes,  some  of  them  were  thrown  under  the 
boDer,  where  thej^  burned  very  readily  without  disintegration  until  consumed. 
The  eggettes  were  tested  in  a  cook  stove,  where  they  burned  satisfactorily  without 
any  odor,  but  gave  off  considerably  more  smoke  than  either  coal  or  briquettes 
made  from  pitch  alone  as  a  binder.  The  specific  gravity  of  these  briquettes 
was  1.13,  while  the  specific  gravity  of  the  coal  was  1.35.  Their  compression  or 
crushing  ptrength  was  8,780  pounds,  or  306  pounds  per  square  inch. 

This  coal  was  further  tested  with  the  softer  pitch  B,  which  was  one  of  the 
better  pitches  for  briquetting.  One  ton  was  first  made  with  6  per  cent  of  pitch, 
and  the  briquettes  were  clean,  sharp,  and  apparently  considerably  stronger  than 
the  original  lump  coal.  These  were  the  first  commercial  briquettes  made  at  the 
plant.  They  were  capable  of  standing  rough  handling.  In  weight  they  averaged 
7  pounds  each,  and  their  specific  gravity  was  1.17.  On  the  American  machine  this 
same  mixture  gave  polished  eggettes,  but  they  were  not  so  strong  as  those  made  on 
the  English  machine.  Pitch  B  was  then  tried  with  rosin,  the  proportions  being 
95  per  cent  of  coal,  3  per  cent  rosin,  and  2  per  cent  pitch.  On  account  of  the  con- 
densation of  steam  in  the  pug  mill,  there  was  considerable  excess  of  water  in  the 
briquettes,  which,  however,  were  smooth  and  sharp  when  received  from  the  press. 
The  excess  of  moisture  caused  them  to  crack  badly,  and  they  were  difficult  to  handle 
while  fresh.  After  cooling,  they  were  still  soft,  and  they  were  noticeably  inferior  to 
the  briquettes  made  with  3  per  cent  of  rosin  and  2  per  cent  of  pitch  A.  They 
weighed  7.2  pounds  each.  This  mixture  also  was  tested  on  the  American  machine, 
which  made  harder  eggettes  than  the  corresponding  briquettes  of  the  EngUsh 
machine.  This  is  a  further  confirmation  of  the  supposition  that  the  smaller  and 
rounder  form  is  better  adapted  for  the  rosin  binder  and  will  result  in  a  harder  and 
tougher  briquette. 
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The  manufacture  of  briquettes  from  Arkansas  No.  4  coal  and  6  per  cent  of 
pitch  B  as  a  binder  is  commercially  feasible.  Six  tons  of  this  coal  were  briquetted 
with  6  per  cent  of  pitch  B,  with  which  to  make  a  steaming  test.**  Some  of  these 
briquettes  were  made  by  running  one  side  of  the  disintegrator  of  the  English  machine, 
and  as  they  were  received  from  the  machine  they  were  smooth  and  uniform  but  soft. 
On  breaking  them  open  it  was  found  that  in  spots  they  contained  an  excess  of  pitch, 
indicating  that  the  materials  had  not  been  thoroughly  mixed  or  that  in  passing 
from  the  pug  mill  to  the  press  there  had  been  an  opportunity  for  the  pitch  to  flow 
together.  On  cooling,  however,  these  briquettes  became  hard  and  tough.  Another 
ton  was  made,  running  both  sides  of  the  disintegrator,  which  made  smooth,  uniform 
briquettes,  but  it  was  almost  impossible  to  handle  them  as  they  came  from  the 
machine.  Therefore,  only  one  side  of  the  disintegrator  was  used,  but  the  materials 
were  run  through  the  pug  mill  more  rapidly  and  better  results  were  obtained.  On 
becoming  thoroughly  cold,  all  of  these  briquettes  were  excellent  in  every  respect. 
When  these  mixtures  were  tried  on  the  American  machine,  the  fine  mass  obtained 
by  running  both  sides  of  the  disintegrator  made  better  eggettes  than  the  corre- 
sponding briquettes  of  the  English  machine,  while  the  coarser  material  did  not 
make  as  good  eggettes  as  briquettes.  The  weight  of  the  briquettes  obtained  in 
running  both  sides  of  the  disintegrator  was  6.02  pounds  each,  while  the  coarser 
briquettes  weighed  6.56  pounds  each.  The  specific  gravity  of  these  briquettes 
was  1.17  and  their  crushing  strength  was  17,500  pounds,  or  610  pounds  per  square 
inch. 

The  results  of  the  steaming  test  of  these  briquettes  are  given  in  the  table 
below : 

Remdts  of  steam  tent  of  Arkansas  No.  4  briquettes  and  eggettes. 
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ArJcansas  No.  o. — On  account  of  the  success  obtained  with  these  Arkansas 
coals  and  the  softer  pitches,  it  was  decided  to  make  a  sufficient  quantity  of  bri- 
quettes for  a  locomotive  test  on  the  Missouri  Pacific  Railway.  For  this  purpose 
17  tons  of  Arkansas  No.  5  coal  were  briquetted  with  6  per  cent  of  pitch  C,  which 
was  a  trifle  harder  than  pitch  B.     Excellent  briquettes  were  obtained,  which  were 


a  For  steaming  test  see  pp.  394-408. 
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readily  handled  while  warm,  and  on  cooling  stood  a  good  deal  of  rough  handling. 
They  did  not  break  so  readily  as  the  original  lumps  of  coal.  The  briquettes  were 
tested  on  a  locomotive  of  the  Missouri  Pacific  Railway,  and  for  comparison  similar 
runs  were  made  on  an  Illinois  run-of-mine  coal  such  as  is  commonly  used  on  these 
locomotives.  Three  trips  were  made  from  wSt.  Louis  to  Washington,  Mo.,  and 
return,  making  a  total  run  of  324  miles  for  each  fuel.  The  results  of  these  three 
runs  are  given  in  the  tables  following: 

Locomotive  teat  of  briquettes  of  Arkanscut  No.  6  coal. 


Date. 


Bri-  ' 

quettes  .       Ash 

con-        removed, 

siun^d.  ' 


!  I 

Front-<^nd' Total  coal 


cinders 
removed. 


con- 
sumed. 


Total  ash 
!  removed. 


Pounds. 

November  28 9,720 

November  29 10,049 

November  30 9, 825 


Pounds.     Priunds. 


29,594  I     4,615 


Per  cent 
of  ash. 


15 


Miles  to 
ton. 


21.89 


Locomotive  test  of  run-of-mine  Illinois  coal. 


Decemberl 11,265       1,980 

Decemb€r2 11,050  I     1,558 

Decembers 11,700  1     1,800 


i 


5,695  ,       16.4  i       19.05 


As  is  seen  from  the  above  tables,  the  briquettes  gave  better  results  than  the 
Illinois  coal,  indicating  that  by  briquetting  even  an  inferior  coal  it  is  possible  to 
obtain  a  fuel  that  is  superior  not  only  to  the  original  coal  but  to  good  coals.  Mr. 
L.  Bartlett,  one  of  the  master  mechanics  of  the  Missouri  Pacific  Railway,  under 
whose  general  direction  these  tests  were  conducted,  made  the  subjoined  statement 
in  regard  to  the  size  of  the  briquettes: 

'^The  briquettes  are  too  large  for  locomotive  use.  They  must  be  thrown 
indiscriminately  into  the  fire  boxes,  and  if  they  take  position  side  by  side  the 
flame  can  not  get  to  them.  If,  on  the  other  hand,  they  lie  in  irregular  positions, 
the  space  may  be  too  large  between  them,  which  has  a  bad  effect  by  allowing  too 
much  cold  air  to  pasj.  In  fact,  the  engine  does  not  steam  well  until  they  are 
broken.*' 

The  size  of  the  briquettes  has  always  been  considered  too  large,  and  in  all 
the  steaming  tests  made  at  the  testing  plant  they  were  broken  up  before  they 
were  fed  to  the  boiler,  and  tests  were  made  of  the  briquettes  as  to  the  amount 
of  fines  they  made  when  broken  up. 
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Mr.  Bartlett  also  noted  the  amount  of  smoke  given  off  by  this  coal,  and  stated 
that  one  advantage  in  the  briquetted  fuel  was  that  it  could  be  called  a  smokeless 
fuel,  as  compared  with  Illinois  coal.  This,  of  course,  would  be  a  considerable 
advantage  when  used  on  switching  engines  in  city  freight  yards. 

The  sulphur  content  of  this  coal  is  rather  high,  as  may  be  seen  from  the 
analysis  given  on  page  202,  and  this  was  of  course  also  true  of  the  briquettes. 
This  sulphur  would  naturally  attack  the  grate  bars,  so  that  briquettes  made  of 
this  coal  would  have  a  more  injurious  effect  on  the  grate  bars  than  coals  contain- 
ing less  sulphur.  This  was  true  in  the  above  locomotive  tests,  the  Arkansas  No.  5 
coal  attacking  the  grate  bars  much  more  than  the  Illinois  coal. 

The  larger  number  of  briquettes  used  on  November  29,  as  shown  in  the  above 
table,  was  due  to  the  delay  of  the  train  at  Choctaw  avenue  crossing,  where  three 
or  four  hours  were  lost  because  the  wires  of  the  street-railway  company  were 
down. 

A  further  test  of  Arkansas  No.  5  coal  was  made  by  mixing  one-fourth  of 
the  soft  pitch  C  and  three-fourths  of  the  hard  pitch  A,  a  combination  which  made 
a  good  briquette,  but  not  so  good  as  that  made  with  6  per  cent  of  pitch  C.  With 
more  than  three-fourths  of  hard  pitch,  it  was  necessaiy  to  use  more  steam  for 
heating  and  greater  pressure,  and  the  resultant  briquettes  were  considerably 
inferior  and  more  cnimbly. 

Arkansas  No.  6. — This  coal  was  briquetted  with  8  per  cent  of  pitch  A  and 
made  a  briquette  of  fair  quality.  These  briquettes  were  made  in  order  to  test 
the  coking  value  of  the  mixture,  and  this  work  is  described  on  pages  1331-1332 
and  1454. 

COLORADO. 

Colorado  No.  1. — The  only  coal  tested  from  Colorado  was  a  black  lignite, 
which  was  first  used  undried  with  10  per  cent  of  pitch  D.  As  these  briquettes 
were  received  from  the  machine  they  were  hard  to  handle,  especially  when  there 
was  an  excess  of  steam.  The  pitch  did  not  seem  to  adhere  to  the  grains  of  lignite. 
On  cooling,  however,  they  became  hard,  black,  and  lustrous,  but  were  too  brittle. 
The  adhesion  of  the  pitch  to  the  grains  of  lignite  was  not  strong.  The  briquettes 
seemed  to  be  too  pitchy,  and  if  the  adhesion  between  the  pitch  and  lignite  were 
greater  8  per  cent  would  undoubtedly  be  suflScient  to  give  the  desired  results. 
Although  there  was  no  steam  test  made  wath  these  briquettes,  they  were  burned 
under  one  of  the  boilers,  and  proved  quite  satisfactory.  They  weighed  5.98  pounds 
each.  Some  of  the  same  mixture  was  tested  on  the  American  machine,  but  the 
e^ettes  were  much  inferior  to  the  briquettes. 
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ILLINOIS. 

lUinais  No.  1. — Briquettes  from  this  coal  were  first  made  with  the  hard 
pitch  X  as  a  binder.  One  and  a  quarter  tons  of  this  coal  were  briquetted  with 
16  per  cent  of  pitch  X,  but  on  account  of  the  softness  and  roughness  of  the  coal 
the  briquettes  were  brown  and  soft,  resembling  pressed  damp  loam.  They  were, 
however,  compact  and  well  pressed. 

Illinois  No,  4- — Two  tons  of  this  coal  were  briquetted  with  6  per  cent  of  pitch 
D.  The  coal  was  not  finely  ground,  only  one  side  of  the  disintegrator  being  used. 
There  w  as  a  great  deal  of  water  in  the  steam,  and  the  briquettes  were  full  of  the 
usual  perpendicular  cracks.  A  high  pressure  was  used,  and  some  of  the  briquettes 
were  larger  than  the  normal  size,  a  fact  which  was  due  to  the  compression  of  the 
spring  of  the  machine.  The  average  weight  of  these  briquettes  was  6.95  pounds. 
The  briquettes  varied  considerably  in  texture,  some  being  hard  and  firm,  while 
others  were  crumbly.  On  cooling,  the  briquettes  were  hard  and  firm,  but  would 
not  stand  much  rough  handling.  The  specific  gravity  of  these  briquettes  was 
1.16,  and  their  crushing  strength  was  only  5,100  pounds,  or  181  pounds  to  the 
square  inch.  Some  of  these  mixtures  were  also  tried  on  the  American  machine, 
and  the  eggettes  were  better  than  the  briquettes  made  on  the  English  machine. 
They  were  lustrous  and  had  a  deep  black  color. 

One  ton  of  this  coal  was  briquetted  w4th  8  per  cent  of  pitch  D,  only  one  side 
of  the  disintegrator  and  the  maximum  pressure  being  used.  Excellent  briquettes 
were  obtained  with  this  combination,  but  they  were  gray  in  color.  They  weighed 
6.43  pounds  each  and  had  a  specific  gravity  of  1.11.  The  specific  gravity  of  the 
coal  is  1.34.  The  crushing  strength  of  these  briquettes  was  9,327  pounds,  or  325 
pounds  per  square  inch,  as  compared  with  181  pounds  to  the  square  inch  when 
6  per  cent  pitch  D  was  used  as  a  binder.  The  eggettes  made  of  this  mixture  on 
the  American  machine  were  not  so  strong  as  the  briquettes. 

The  next  test  made  with  Illinois  No.  4  consisted  of  2  tons  of  the  coal  bri- 
quetted with  8  per  cent  of  pitch  E.  The  average  weight  of  the  briquettes  was 
only  6.15  pounds.  Only  one  side  of  the  disintegrator  was  used,  and  as  the  coal 
was  hard  the  briquettes  were  coarse  and  contained  many  noticeably  large  pieces 
of  coal.  The  eggettes  made  from  this  mixture,  on  the  other*  hand,  were  much 
better  in  quality  and  rather  lustrous,  but  of  a  decidedly  brownish  color.  The 
specific  gravity  of  these  briquettes  was  1.13  and  their  crushing  strength  7,265 
pounds,  or  253  pounds  to  the  square  inch.  To  test  the  effect  of  finer  grinding, 
another  ton  of  this  coal  was  briquetted  with  8  per  cent  of  pitch  E,  both  sides  of 
the  disintegrator  being  used.  In  these  briquettes  there  were  a  few  grains  of  coal 
as  big  as  a  kernel  of  com;  but  for  the  most  part  the  material  was  too  fine  for  the 
percentage  of  pitch,  and  the  resultant  briquettes  were  crumbly,  although  well 
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pressed,  black,  and  lustrous.  They  weighed  on  an  average  6.5  pounds  each  and 
had  a  specific  gravity  of  1.03.  Their  crushing  strength  was  only  209  pounds  to 
the  square  inch.  There  was  little  difference  in  the  properties  of  the  eggettes  and 
the  briquettes  made  of  this  mixture.  Another  ton  of  this  coal  was  briquet  ted 
with  9  per  cent  of  pitch  E,  both  sides  of  the  disintegrator  and  a  maximum  pressure 
being  used,  with  the  result  that  a  briquette  of  much  better  quality  was  obtained. 
They  could,  however,  have  been  still  further  improved  by  the  addition  of  another 
one-half  per  cent  of  pitch.  The  weight  of  these  briquettes  was  6.43  pounds  each 
and  their  specific  gravity  was  1.08.  Their  crushing  strength  was  9,125  pounds,  or 
352  pounds  to  the  square  inch.  The  eggettes  made  from  this  mixture  were  equal 
in  strength  and  quality  to  the  briquettes  and  were  much  more  lustrous  and  bluish 
black  in  color. 

Another  test  was  made  with  Illinois  No.  4  coal  and  pitch  H,  which  is  a  by- 
product from  the  manufacture  of  gas  from  heavy  petroleum.  While  this  pitch 
would  be  rather  soft  to  work  on  the  English  machine  on  a  hot  day,  it  is  readily 
cracked  and  mixed  on  a  cold  day.  One  ton  of  the  coal  was  briquetted  with  8  per 
cent  of  pitch  H,  and  the  briquettes  were  strong,  clean,  and  satisfactory,  being 
much  better  than  any  of  the  other  briquettes  made  with  this  coal.  They  were 
readily  handled  when  taken  from  the  machine,  and  when  cold  were  hard  and 
tough,  and  capable  of  standing  a  great  deal  of  rough  handUng.  Their  average 
weight  was  6.81  pounds  each  and  their  specific  gravity  was  1.11.  Their  crushing 
strength  was  12,810  pounds,  or  446  pounds  to  the  square  inch,  this  being  the 
hardest  of  all  the  briquettes  made  from  Illinois  coal. 

The  last  test  made  with  this  coal  was  with  a  soft  asphalt  received  from  the 
Gulf  Refining  Company.  In  freezing  weather  this  asphalt  became  hard  enough 
to  crack  and  could  then  be  used  on  the  English  machine.  On  account  of  the 
cold  weather  there  was  considerable  water  in  the  steam,  which  produced  cracks. 
Because  of  this  fact  and  the  low  melting  point  and  thinness  of  the  asphalt  while 
hot,  the  briquettes  were  difficult  to  handle  as  they  came  from  the  machine. 
They  were,  however,  well  pressed  and  on  cooling  became  tough  and  would  stand 
much  handling.  The  weight  of  these  briquettes  was  6.77  pounds  each.  A  better 
result  can  probably  be  obtained  by  using  a  small  percentage  of  rosin  with  the 
asphalt. 

INDIANA. 

Two  coals  from  this  State  were  tested  more  for  comparative  purposes  than 
with  regard  to  their  commercial  possibilities. 

Indiana  No.  1. — Four  tons  of  this  coal  were  briquetted  with  7  per  cent  of 
pitch   D.*    The   coal   was   first   washed    and    then   dried.     The   briquettes   were 

a  For  steaming  test  see  pp.  473-480. 
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brown  in  color,  readily  handled  as  they  came  from  the  machine,  and  when  cold 
stood  rough  handling.  The  average  weight  of  the  briquettes  was  6.8  pounds 
each.  The  eggett^s  of  this  mixture,  made  on  the  American  machine,  were  better 
and  stronger  than  the  briquettes. 

The  results  of  a  steaming  test  of  these  briquettes   are  given,  together  with 
similar  results  of  the  original  coal,  in  the  table  below: 


ResultH  of  steam  test  of  Indiana  No.  1  coal  and  briquettes. 


Fuel. 


Per  It.  1  Perct. 

43.23  ,     38.79 

Nut  coal,  washed j    40. 41  1    35. 17 


Briquettes. 


•s? 


Chemical  oompoaiticn.  -d  -r         "Pot'ia'S       asJ  iS 


•        i^      3   I   I   I  ^1  :=§£  I&I&   :a  !!& 


o 


^     '    :2     I     §     I  Si^'S      -2     I     8     '   a?   h'««^j?'"^b  S-ou  I  8-a^ 


Per  rt.  j  Per  ct.    Per  c/.    Hourt.     Lba.  \    Lbs.        Lba.        Lbs.    i    Lbs. 

11.74         6.24         2.03         6.60'     6,579  |    222.6-    21.70         8.73!      3.24  I        4.00 
16.50  !      7.83        2.18.      9.93     10,819,    222.7;    22.39        8.45        3.34,        4.13 


As  is  seen  from  the  above  table,  there  is  a  slight  advantage  in  efficiency  in 
favor  of  the  briquettes. 

Indiana  No.  2. — One  ton  of  this  coal  was  briquetted  with  7  per  cent  of  pitch 
H,  and  the  briquettes  were  satisfactory  in  every  way.  They  were  brown  in  color 
and  resembled  those  made  of  Indiana  No.  1  coal,  but  were  much  stronger,  by 
reason  of  the  better  quality  of  pitch.  They  weighed  on  the  average  6.42  pounds 
each. 

INDIAN    TERRITORY. 

Indian  Territory  No,  2. — This  coal  was  tested  with  the  hard  pitch  X,  first  with 
8.5  per  cent  of  pitch,  but  the  briquette  was  not  strong  and  crumbled  readily. 
With  12  per  cent  of  pitch  the  briquettes  were  not  much  better,  and  w^ith  13.4  per 
cent  the  briquettes  looked  well  as  they  came  from  the  press,  but  were  not  strong 
and  began  to  lose  their  corners  soon  after  being  exposed  to  the  weather. 
Judging  from  the  runs  made  this  coal  will  require  more  than  the  usual  pressure. 
The  briquettes  containing  8.5  per  cent  of  pitch  weighed  only  5.08  pounds  each. 
Those  with  13.4  per  cent  of  pitch  weighed  6.15  pounds  each. 

Indian  Territory  No,  S, — This  coal,  which  is  hard  and  glossy,  was  tested  on 
the  English  machine  with  8  per  cent  of  pitch  A.  This  made  fairly  good  briquettes, 
which  were  clean  and  hard,  although  somewhat  porous,  but  they  were  not  so  strong 
as  was  desired.  This  defect  was  due  in  part  to  lack  of  sufficient  heat  to  soften 
the  pitch  thoroughly  in  the  pug  mill.  The  briquettes  as  received  from  the  machine 
weighed  6.56  pounds  each.  With  7.2  per  cent  of  pitch  A,  this  coal  made  smooth 
and  fairly  hard  briquettes,  which  weighed  6.71  pounds  each.  With  6  per  cent 
of  pitch  A,  briquettes  were  made  of  this  coal  that  were  smooth  and  well  pressed, 
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but  soft.  These  averaged  in  weight  6.8  pounds  each.  If  this  pitch  could  have 
been  heated  in  the  English  machine  to  a  temperature  sufficiently  high  to  cause  it 
to  soften  and  mix  with  the  coal  it  would  undoubtedly  have  made  a  good  briquette. 
This  is  indicated  by  the  fact  that  with  a  soft  pitch,  as  pitch  D  or  pitch  H,  this 
coal  could  be  briquetted  with  6  per  cent  of  binder. 

Indian  Territory  No,  6. — This  sample  consisted  of  a  carload  of  dirty  slack, 
which  contained  considerable  fire  clay  and  some  shale.  Laboratory  experiments 
had  shown  that  7  per  cent  of  a  binder  of  the  quality  of  pitch  D  was  the  minimum 
that  could  be  expected  to  give  satisfactory  results.  Accordingly,  one  ton  of  this 
coal  was  mixed  by  hand  with  7  per  cent  of  pitch  D,  but  the  briquettes  were  crumbly 
and  not  at  all  satisfactory,  although  dense  and  well  pressed.  They  weighed  7.35 
pounds  each.  They  were  full  of  gray  streaks  on  the  surface,  due  to  the  fire  clay, 
and  on  standing  became  coated  with  a  heavy  gray  efflorescence,  which  was  tested 
and  proved  to  be  calcium  sulphate.  Eggettes  of  this  same  mixture  made  on  the 
American  machine  were  practically  the  same  in  character  and  unusually  dull 
grayish  in  appearance.  The  specific  gravity  of  these  briquettes  was  1.205.  When 
tested  upon  the  compression  machine  these  briquettes,  which  were  crumbly  and 
weak  and  broke  easily  in  the  fingers,  compressed  much  more  than  usual  before 
breaking.  Their  crushing  strength  was  5,600  pounds,  or  195  pounds  per  square 
inch.  Another  ton  was  tried  with  9  per  cent  of  pitch  D,  but  the  briquettes  were 
practically  the  same  as  with  7  per  cent,  although  a  little  darker  in  color.  They 
also  showed  similar  streaks  of  fire  clay  on  the  surface  and  their  fracture  was 
decidedly  earthy.  They  weighed  on  the  average  7.5  pounds  each.  There  seems 
to  be  Uttle  adhesiveness  between  this  pitch  and  the  dirty  coal,  and  to  m.ake  a  good 
briquette  with  this  pitch  it  would  be  necessary  to  use  probably  as  much  as  15  per 
cent,  if  not  more. 

Satisfactory  results  with  soft  pitch  not  having  been  obtained,  one  ton  of  this 
slack  coal  was  tried  with  8  per  cent  of  the  harder  pitch  A.  The  briquettes  were 
well  pressed  and  blacker  than  those  with  7  per  cent  of  pitch  D,  but  were  not  so 
strong.  The  mixture  did  not  show  any  tendency  to  stiffen  in  the  machine.  All 
of  the  tests  with  this  coal  demonstrated  its  injurious  effect  on  the  binding  properties 
of  the  pitch. 

This  coal  was  next  tried  by  mixing  together  93  per  cent  of  coal,  6  per  cent  of 
rosin,  and  1  per  cent  of  quickUme.  The  lime  was  mixed  in  sizes  ranging  from 
dust  to  pieces  three-fourths  of  an  inch  in  diameter,  and  it  was  thought  that  the 
lumps  would  be  reduced  by  the  disintegrator  and  the  lime  slaked  by  the  steam 
of  the  pug  mill,  so  that  the  cement  would  not  set  too  quickly.  The  disintegrator, 
however,  had  little  effect  on  the  hard  lime,  and  consequently  there  were  many 
large  unslaked  pieces  in  the  briquettes,  which  caused  them  to  fall  to  pieces.  Some 
of  this  material,  which  remained  in  the  pug  mill  for  some  time,  gave  a  briquette 
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which  was  hard  while  hot,  but  which  after  cooUng  became  earthy.  These  briquettes 
weighed  on  an  average  7  pounds  each.  The  eggettes  made  of  this  material  were 
dense,  but  crumbly. 

Iii  order  to  prevent  unslaked  lime  from  going  into  the  briquettes,  the 
lime  was  slaked  before  using  with  one-half  its  weight  of  water,  making  a  fine, 
dry  powder.  This  was  mixed  with  the  coal  to  give  the  same  proportions  with 
the  rosin  as  in  the  above  test,  and  although  the  briquettes  were  smooth  and  well 
formed,  having  been  thoroughly  pressed,  they  were  crumbly  and  not  at  all  strong. 
They  were  grayish  in  color  and  similar  in  quality  to  those  made  with  7  per  cent 
pitch  D.  They  weighed  on  an  average  7.5  pounds  each.  The  eggettes  of  this 
same  material  were  also  crumbly  and  dull  in  luster. 

Some  of  these  lime-rosin  briquettes  were  burned  and  were  found  to  give  less 
smoke  than  those  with  the  rosin  and  no  Ume,  and  some  less  even  than  those 
with  pitch  alone. 

Another  test  of  this  coal  was  made,  with  rosin  and  Kansas  crude  oil.  The 
experiments  in  the  laboratory  had  shown  that  the  best  results  could  be  obtained 
by  using  6  per  cent  rosin  and  1  per  cent  of  the  oil.  In  preparing  this  combination 
for  the  English  machine  the  oil  was  first  mixed  with  five  times  its  weight  of  fine 
coal,  so  as  to  make  a  nonsticky  mass  that  would  readily  mix  with  the  cracked 
rosin  and  coal  in  the  usual  manner.  As  the  rosin  became  very  fluid  at  212°  F. 
the  hot  briquettes  when  received  from  the  machine  had  no  strength,  and  cracked 
slightly  under  their  own  weight  when  piled  only  two  high.  They  also  cracked 
rather  badly  owing  to  the  water  from  the  wet  steam.  On  cooling  they  became 
strong  and  were  of  good  quality.  Some  of  the  mixture  that  was  allowed  to  stand 
in  the  mold  until  cool  enough  to  be  plastic  before  pressing  was  good  as  received 
from  the  machine,  but  it  had  not  been  sufficiently  pressed.  On  standing,  these 
briquettes  became  coated  with  a  heavy  brownish-gray  efflorescence.  The  weight 
of  these  briquettes  averaged  7.29  pounds  each  and  their  specific  gravity  was  1.25. 
The  crushing  strength  of  the  briquettes  was  on  the  average  6,400  pounds,  or  223 
pounds  per  square  inch.  On  account,  however,  of  the  lack  of  uniformity  of  the 
briquettes,  the  results  of  eight  tests  varied  from  4,300  to  9,240  pounds.  The  eggettes 
made  from  this  same  mixture  were  hard  and  compact,  although  of  a  dull  color, 
and  they  had  a  good  degree  of  strength  as  received  from  the  machine.  With  an 
arrangement  for  cooling  the  mass  after  it  has  passed  through  the  pug  mill  and 
before  being  fed  to  the  press,  this  mixture  would  make  briquettes  which  would 
be  very  good  physically,  but  which  would  smoke  rather  badly. 

Since  the  above  tests  showed  that  the  best  way  to  counteract  the  effect  of 
the  large  amount  of  fire  clay  in  this  coal  was  to  add  some  liquid  binder  which 
would  soak  into  it  and  yet  at  the  same  time  unite  with  the  solid  binder,  another 
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test  was  made  with  creosote  as  a  liquid  binder  and  pitch  as  the  hard  binder.  For 
this  purpose  Indian  Territory  No.  6  coal  was  mixed  with  8  per  cent  pitch  G  and 
IJ  per  cent  of  creosote,  such  as  is  used  in  preserving  timber.  The  creosote  and 
five  times  its  weight  of  fine  coal  were  first  mixed  together  and  then  thoroughly 
mixed  with  the  cracked  pitch  and  coal.  In  operating  the  machine  with  this  mixture 
the  amount  of  steam  used  for  heating  the  mixture  was  gradually  increased  until 
there  was  an  excess.  This,  however,  had  no  effect  upon  the  cooled  briquettes, 
but  it  made  the  hotter  ones  more  tender  and  a  Httle  harder  to  handle.  The  first 
briquettes  of  this  mixture  cracked  a  little,  because  of  excess  of  water,  but  the 
remainder  came  from  the  machine  strong  enough  to  bear  handling  at  once.  The 
effect  of  the  excess  of  steam  was  to  insure  more  complete  softening  of  the  pitch 
and  more  uniform  mixing  of  the  clay.  These  briquettes  were  black  and  clean 
and  only  slightly  streaked  with  the  clay.  When  piled  up  they  stuck  together 
slightly,  and  were  mottled  a  little  from  the  creosote.  They  had,  however,  much 
less  of  the  gray  efflorescence  than  any  of  the  Indian  Territory  No.  6  briquettes  and 
were  also  the  best  made,  although  still  earthy.  They  were  smooth  and  black,  and 
although  crumbling  little  or  not  at  all  in  handling,  they  will  crumble  a  great  deal  on 
breaking  for  firing.  The  eggettes,  on  the  other  hand,  made  of  this  same  mixture 
on  the  American  machine  are  just  as  strong  and  would  need  no  breaking  in  firing. 
The  weight  of  these  briquettes  was  7.25  pounds  each  on  an  average.  The 
specific  gravity  was  1.215,  and  their  crushing  strength  was  6,500  pounds,  or  226 
pounds  to   the  square  inch. 

Another  test  with  the  Indian  Territorj-  No.  6  coal  was  with  the  asphalt  B5, 
which  during  the  cool  weather  had  become  hard  enough  to  crack,  and  thus  could 
be  readily  used  on  the  English  macliine.  One  ton  of  this  coal  and  8  per  cent  asphalt 
were  used,  w^hich  made  soft  briquette^s  that  were  hard  to  handle  while  warm, 
especially  when  they  contained  moisture  due  to  the  wet  steam.  The  better  ones 
were  compact,  heavy,  and  tough,  and  although  they  had  an  earthy,  oily  appear- 
ance, did  not  crack  when  stnick  a  severe  blow.  They  would  stand  rough  handling, 
but  would  be  improved  with  a  small  percentage  of  rosin.  These  briquettes  weighed 
7.12  pounds  each,  and  had  a  specific  gravity  of  1.22.  Their  crushing  strength  was 
very  low,  averaging  3,200  pounds,  or  111  pounds  per  square  inch.  In  making  the 
compression  tests  the  briquettes  yielded  a  great  deal  before  breaking  and  would 
be  stronger  under  a  quick  load.  The  crushing  strength  varied  from  1,800  to  5,100 
pounds. 

On  obtaining  a  sample  of  pitch  H  it  was  decided  to  try  the  effect  of  this  pitch 
on  the  Indian  Territory'  No.  6  coal.  The  best  results  were  obtained  with  this  as 
a  binder.  One  ton  of  coal  was  mixed  with  8  per  cent  of  pitch  H,  and  with  nearly 
drj'  steam  and  good  pressure  they  made  hard,  compact  briquettes.  Although 
somewhat  earthy,  they  would  stand  rough  handling.  Their  average  weight  was 
7.27  pounds  each. 
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IOWA. 

Iowa  No.  4' — One  ton  of  this  coal  was  briquetted  with  7  per  cent  of  pitch  E.  The 
briquettes  were  well  pressed,  of  a  grayish  color,  but  on  cooling  crumbled  decidedly. 
They  weighed  6.73  pounds  each.  As  they  did  not  contain  an  excess  of  pitch,  7 
tons  more  of  this  coal  were  briquetted  with  8  per  cent  of  pitch  E,  in  order  to  have 
a  sufficient  quantity  for  a  steam  test.  The  resultant  briquettes  were  bluish  black 
in  color,  but  were  not  quite  hard  enough,  although  fairly  strong,  and  would  stand 
considerable  rough  treatment  in  transportation.  In  burning  they  held  together 
imtil  consumed.  They  weighed,  on  an  average,  6.77  pounds  each.  The  eggettes 
made  from  this  same  mixture  were  stronger  than  the  briquettes,  had  a  polished 
surface,  but  were  very  brown  in  color.  In  the  cook  stove  they  burned  satisfactorily, 
crumbling  little  until  consumed. 

The  steaming  test  made  of  these  briquettes  gave  considerably  better  results 
than  the  original  coal,  indicating  that  the  coal  has  been  much  improved  by  briquet- 
ting.     The  results  of  the  boiler  tests  of  both  the  coal  and  briquettes  are  given  in 

the  table  below. 

Resxdts  of  steam  test  of  Iowa  No.  4-  coaL  and  hriqueUes, 
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KANSAS. 

Kansas  No.  2. — Two  tons  of  this  coal  were  briquetted  with  1 1  per  cent  of  pitch 
X.  The  pitch  of  the  mixture,  in  passing  through  the  machine  from  the  pug  mill 
to  the  press,  set  so  quickly  that  the  briquettes  did  not  receive  the  necessary  pres- 
sure. The  surface  was  rough,  and  a  great  many  cracks  were  developed.  No  more 
of  this  coal  was  available  for  briquetting  after  receiving  pitch  of  the  better  qual- 
ities. It  is,  however,  a  coal  that  will  briquette  very  readily  with  pitch  of  the 
better  grades,  such  as  pitch  D  or  pitch  H.  It  requires  about  7  per  cent  of  either 
for  commercial  briquettes. 

KENTUCKY. 

Kentucky  No.  1. — This  is  a  good  coking  coal,  unusually  light  in  weight  and 
lustrous.  In  passing  through  the  disintegrator  it  was  ground  a  little  too  fine,  even 
when  only  one  side  of   the  machine  was  used.     Furthermore,  on  account  of  its 
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light  weight  it  was  difficult  to  give  it  the  right  pressure  on  the  English  machine. 
The  coal  was  tested  with  6  per  cent  of  pitch  D,  and  the  briquettes  were  clean  and 
black,  but  not  sufficiently  pressed  to  close  all  the  pores.  They  were,  however, 
good  briquettes,  and  would  stand  rough  treatment  in  transportation.  They  stood 
weathering  with  little  change.  They  weighed  on  an  average  6.15  pounds  each.  The 
eggettes  made  from  this  same  mixture  were  smooth  and  lustrous  and  as  strong  as 
any  eggettes  made  on  the  American  machine.  In  the  cook  stove  they  burned 
satisfactorily  without  disintegrating  or  giving  off  an  excess  of  smoke.  This  coal 
can  be  briquetted  readily. 

Keviucky  No.  2, — As  none  of  the  good  pitches  were  available  at  the  time  this 
coal  was  tested,  it  was  briquetted  with  9  per  cent  pitch  E,  the  percentage  deter- 
mined by  laboratory  work.  Three  tons  of  this  coal  were  tested.  The  briquettes 
were  extremely  pitchy,  and  on  account  of  the  excessive  water  due  to  wet  steam, 
were  difficult  to  handle,  and  when  piled  three  or  four  deep  crushed  under  their  own 
weight.  With  dry  steam  the  briquettes  were  more  easily  handled.  Although 
still  somewhat  plastic,  they  did  not  crush  when  piled  up.  On  cooling,  the  briquettes 
were  hard,  with  a  lustrous  fracture,  and  were  capable  of  standiog  a  great  deal  of 
rough  handling.  These  briquettes  weighed  on  an  average  6.83  pounds  each.  The 
eggettes  made  of  this  mixture  were  hard  and  sonorous,  but  rather  too  brittle.  In 
the  cook  stove  the  eggettes  burned  satisfactorily. 

This  coal  was  tested  with  8  per  cent  pitch  E,  by  usiog  3i  tons  of  coal  and  giving 
the  briquettes  the^  greatest  pressure  possible  on  the  English  machine.  As  the  coal 
is  hard,  and  only  one  side  of  the  disintegrator  was  used,  there  were  many  large 
pieces  of  coal  in  the  briquettes,  but  there  were  also  sufficient  small  pieces  to  fill  in 
all  the  openings  between  the  larger  fragments.  This  is  a  nearly  ideal  condition 
for  briquetting  on  the  English  machine.  The  briquettes  were  bluish  black  and 
excellent  in  every  way.  They  did  not  have  the  glossy  or  lustrous  fracture  of  the 
briquettes  containing  9  per  cent  of  pitch,  but  they  were  a  better  commercial  briquette 
and  were  more  easily  handled  when  taken  from  the  maclune.  With  pitch  of  the 
quality  of  pitch  D  or  pitch  H,  from  5  to  6  per  cent  would  make  a  good  briquette. 
These  briquettes  would  stand  a  great  deal  of  rough  treatment  in  transportation. 
They  did  not  disintegrate  ui  burning,  nor  was  there  much  slack  formed  in  brealdng 
them  for  burning.  They  weighed  on  an  average  6.83  pounds  each  and  had  a  specific 
gravity  of  1.13,  as  compared  with  1.37  for  the  slack  or  fine  coal.  The  slack  which 
was  used  in  making  the  briquettes  contained  18  per  cent  of  ash,  but  the  lump  coal 
contained  only  11  per  cent  of  ash.  The  crushing  strength  of  the  briquettes  was 
11,300  pounds,  or  394  pounds  per  square  inch. 
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The  results  of  the  steaming  test  of  these  briquettes  show  that  the  briquettes 
have  no  greater  efficiency  than  the  original  coal.  These  results  are  given  in  the 
table  below. 

ResuliH  of  gUaming  UM.  of  Kentucky  No,  2  coal  and  hriqueUes. 
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The  eggettes  made  from  this  same  mixture  were  stronger  and  better  than 
those  made  with  9  per  cent  pitch,  although  not  so  sonorous  and  hard.  They  were 
also  browner  in  color.     The  eggettes  were  not  so  strong  as  the  briquettes. 

MISSOURI. 

Missouri  No.  1, — ^At  the  time  this  coal  was  tested  only  the  hard  pitch  was 
available.  Two  and  a  half  tons  of  this  coal  that  had  been  previously  washed  were 
briquetted  with  11.5  per  cent  of  pitch  A.  The  briquettes  were  black  in  color  and 
sufficiently  hard  to  stand  rough  handling,  but  on  accotmt  of  the  pitch  setting  too 
quickly  they  were  insufficiently  pressed  and  were  granular  and  porous.  This 
coal  will,  however,  briquette  very  readily,  and  with  the  softer  pitches,  as  pitch 
D  and  pitch  H,  will  make  a  good  briquette  with  about  6  to  7  per  cent  of  binder. 

These  briquettes  were  tested  under  the  boiler  and  the  results  are  given  below, 
together  with  those  of  the  original  coal. 

ResuUs  of  steaming  test  of  Missouri  No.  1  coal  and  briquettes. 
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MONTANA. 

Montana  No,  L — ^This  coal  was  dried  slightly  before  briquetting.  It  was 
tested  with  16  per  cent  of  pitch  A.  The  full  limit  of  pressure  that  could  be  obtained 
on  the  English  machine  was  used,  and  although  the  briquettes  were  well  pressed 
they  were  somewhat  porous  and  rough  on  the  surface.  They  were  black,  but  not 
glossy.  They  stood  rough  handling,  and  weighed  on  the  average  6.30  pounds 
each. 

This  coal  was  briquetted  with  7  per  cent  pitch  B,  the  highest  pressure  obtain- 
able being  used.  As  received  from  the  press,  the  briquettes  were  somewhat  plastic, 
but  on  cooling  proved  to  be  brittle.     They  weighed  on  an  average  7  pounds  each. 

NEW  MEXICO. 

New  Mexico  No.  1. — This  black  lignite  was  first  briquetted  with  12  per  cent 
pitch  A,  but  the  briquettes  were  unsatisfactory  in  every  way.  Five  and  a  half 
tons  of  this  coal  were  briquetted  with  15.8  per  cent  pitch  X,  and  the  briquettes 
were  apparently  good  in  every  way  and  could  be  handled  easily  without  crumbling. 
On  cooling,  however,  they  began  to  crumble,  and  did  not  weather  well.  In  burning 
they  showed  a  decided  tendency  to  disintegrate. 

This  coal  was  tested  on  the  English  machine  with  8  per  cent  pitch  D.  The 
briquettes  were  rather  crumbly  and  earthy,  and  on  cooling  were  covered  with  white 
efflorescence.  They  did  not  contain  a  sufficient  quantity  of  pitch.  They  weighed 
on  an  average  6.83  pounds  each  and  had  a  specific  gravity  of  1.13.  Their  crushing 
strength  was  7,120  pounds,  or  248  pounds  to  the  square  inch. 

As  8  per  cent  of  pitch  D  did  not  give  any  excess  of  binder,  and  as  the  briquettes 
were  not  satisfactory^,  another  ton  of  this  coal  was  tested  with  10  per  cent  of  pitch 
D.  While  the  briquettes  fresh  from  the  machine  were  somewhat  stronger  than 
those  with  8  per  cent  of  pitch  D,  it  was  found  that  upon  standing  and  becoming 
thoroughly  cool  they  became  so  like  those  made  with  8  per  cent  pitch  D  that  the 
two  could  not  be  distinguished  from  each  other.  This  indicated  that  a  satisfactory 
briquette  could  not  be  made  from  this  coal  with  this  pitch,  even  by  greatly  increas- 
ing the  percentage.  In  making  these  briquettes  the  English  machine  was  run 
under  ideal  conditions,  having  a  constant  pressure;  the  coal  was  sufficiently  dry 
and  not  too  fine,  and  could  be  briquetted  at  a  moderate  temperature.  The 
briquettes  showed  a  little  more  white  efflorescence  with  the  10  per  cent  than  with 
the  8  per  cent  pitch  D,  although  they  were  quite  glossy.  The  average  weight  of 
these  briquettes  was  6.42  pounds  each  and  their  specific  gravity  was  1.02.  Their 
crushing  strength  was  5,900  pounds,  or  206  pounds  per  square  inch,  as  compared 
with  248  pounds  per  square  inch  for  those  made  with  8  per  cent  pitch  D.     The 
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eggettes  were  glossy  on  the  surface,  but  had  a  dull  fracture  and  were  not  tenacious. 
They  showed  a  tendency  to  disintegrate  in  burning. 

The  most  satisfactory  test  was  with  pitch  H,  and  one  ton  of  this  coal  was 
briquetted  with  8  per  cent  of  this  pitch.  The  briquettes  were  hard,  strong,  and 
clean — much  better  in  every  way  than  any  briquettes  of  this  coal  made  with 
pitch  D.  They  weighed  on  the  average  6.25  pounds  each  and  their  specific 
gravity  was  1.06.  Their  crushing  strength  was  13,050  pounds,  or  454  pounds  to 
the  square  inch,  nearly  twice  the  strength  of  those  made  with  8  per  cent  pitch  D. 

New  Mexico  No,  2. — This  black  lignite  is  almost  identical  with  New  Mexico 
No.  1.  It  was  tested  with  9.3,  10.5,  and  12  per  cent  of  pitch  X,  but  in  every  case 
the  briquettes  were  crumbly  and  no  positive  results  could  be  obtained. 

This  coal  was  next  tested  with  pitch  D  as  a  binder,  1  ton  of  the  coal  being 
briquetted  with  7  per  cent  of  pitch  D.  The  briquettes  were  crumbly,  gray  in  color, 
and  had  an  earthy  fracture.  They  were  neither  hard  nor  strong  and  were  porous, 
although  the  limit  of  pressure  was  given.  There  did  not  seem  to  be  any  diflFerence 
in  the  briquette,  whether  made  with  a  low  or  high  pressure.  A  large  amount 
of  grayish  efflorescence  appeared  on  the  briquettes  almost  immediately.  The 
briquettes  weighed  on  an  average  7  pounds  each.  The  eggettes  made  from  this 
mixture,  although  not  so  porous,  had  the  same  earthy  appearance  and  fracture 
and  gray  color. 

Another  ton  of  this  coal  was  briquetted  with  9  per  cent  of  pitch  D,  and  an 
excess  of  pitch,  due  to  its  partial  volatilization,  was  indicated  by  the  bluish  color 
on  the  surfaces.  On  account  of  an  excess  of  steam,  the  briquettes  were  rather 
soft  as  received  from  the  machine,  and  owing  to  the  excess  of  pitch  many  of  them 
stuck  together.  Although  they  were  better  than  those  made  with  7  per  cent 
pitch  D,  they  were  not  commercial  briquettes.  They  weighed  on  an  average  7.12 
pounds  each.  This  coal  was  very  dirty  and  contained  considerable  clay,  and 
the  same  difficulties  were  experienced  in  briquetting  it  with  pitch  as  were  encoun- 
tered with  the  Indian  Territory  No.  6  coal  and  pitch.  From  the  work  done  on 
this  sample  it  has  been  definitely  proved  that  such  dirty  lignites  can  not  well  be 
briquetted  with  any  commercial  percentage  of  pitch  as  a  binder,  unless  perhaps 
it  is  a  pitch  made  from  petroleum,  as  pitch  H. 

Five  tons  of  this  coal  were  briquetted  on  the  American  machine  by  using  10.25 
per  cent  of  the  Hoffman  patent  binder,  consisting  of  petroleum,  rosin,  and  quick- 
lime. These  briquettes  were  not  tough,  but  held  together  pretty  satisfactorily 
when  burned  under  the  boiler. 
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A  steaming  test  was  made  of  these  eggettes  and  the  results,  together  with 
those  obtained  for  the  original  coal,  are  given  in  the  table  below. 

Results  cf  steammg  test  of  New  Mexico  No.  S  coal  and  eggettes. 
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NORTH  DAKOTA. 

N(yrOi  Dakota  No.  1. — This  is  a  tough,  woody,  brown  Ugnite,  which  does  not 
disintegrate  readily.  In  the  first  test  the  lignite  was  not  previously  dried  and 
was  mixed  with  10  per  cent  of  pitch  A.  Although  the  highest  possible  pressure 
was  used,  the  briquettes  were  porous  and  had  the  appearance  of  an  incoherent 
mass  of  chips.  With  12  per  cent  of  pitch  A  the  briquettes  were  still  porous  and 
noncoherent,  and  on  standing  for  some  time  exposed  to  the  weather  the  grains 
and  fragments  of  lignite  began  to  slack  off.  Between  the  fragments  of  lignite 
there  was  an  excess  of  pitch  observed,  but  it  did  not  seem  to  have  any  adhesion  for 
the  fragments.  As  the  briquettes  were  cooling  it  was  noticed  that  the  contained 
steam  acted  upon  the  lignites,  giving  them  the  appearance  of  lumps  of  soft,  brown 
loam  surrounded  by  pitch. 

The  next  test  was  made  with  dry  material,  the  lignite  having  been  previously 
ground  to  about  4  mesh.  One  ton  of  this  dry,  fine  material  was  mixed  with  12 
per  cent  of  pitch  A  and  run  through  the  English  machine,  only  one  side  of  the 
disintegrator  being  used.  There  was  no  excess  of  steam  and  the  full  pressure 
was  used,  but  the  briquettes  were  open.  With  both  sides  of  the  disintegrator  in 
use  there  was  a  slight  improvement  in  the  briquettes,  but  they  were  all  porous 
and  incoherent  and  on  exposure  to  the  weather  began  to  disintegrate.  There  was 
apparently  an  excess  of  pitch  between  the  flakes,  similar  to  that  observed  in  the 
first  ton  tested.  The  same  mixtures  were  tested  on  the  American  machine,  and 
the  eggettes  when  first  received  had  a  polished,  lustrous  appearance,  but  became 
rough  immediately,  and  they  had  almost  no  coherence.  This  lignite  was  tested 
further  by  increasing  the  percentages  of  pitch,  allowing  the  mixtures  to  remain 
longer  in  the  pug  mill,  and  increasing  the  pressure  to  the  limit  that  could  be 
attained  on  the  English  machine,  but  no  briquettes  were  obtamed  that  had  any 
coherence,  and  all  the  results  were  negative. 
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PENNSYLVANIA. 

Pennsylvania  No,  S. — ^This  sample  consisted  of  a  carload  of  anthracite  culm. 
The  first  test  was  with  90  parts  of  the  culm  and  10  parts  of  a  West  Virginia 
coking  coal,  and  12i  per  cent  of  hard  pitch  A.  The  mixture  was  run  through  the 
English  machine,  both  sides  of  the  disintegrator  being  used  and  the  briquettes 
being  pressed  to  the  limit  of  the  machine.  On  account  of  the  hardness  of  the 
anthracite  coal  it  did  not  disintegrate  to  any  great  extent  and  the  briquettes 
resembled  concrete.  These  briquettes  were  hard  and  tough,  and  even  with  this 
inferior  pitch  were  of  good  quaUty.  They  weighed  on  an  average  7.25  pounds 
each.  During  combustion  they  burned  like  lumps  of  anthracite  coal,  making  but 
little  flame.  On  standing  exposed  to  the  weather  the  briquettes  did  not  suffer 
to  any  extent  except  during  hard  rains,  when  their  surfaces  became  pitted.  Appar- 
ently this  pitting  was  due  to  the  wearing  away  of  the  softer  pitch  from  the  harder 
fragments  of  anthracite. 

This  culm  was  next  tested  with  the  softer  pitch  B,  by  using  84  per  cent  of 
anthracite,  9  per  cent  of  West  Virginia  coking  coal,  and  7  per  cent  of  pitch  B. 
For  this  test  the  coarsest  and  driest  portion  of  the  anthracite  culm  was  used. 
This  combination  made  fair  briquettes,  but  they  would  have  been  improved  if 
dry  steam  could  have  been  used.  The  briquettes  weighed  on  dn  average  7.64 
pounds  each  and  had  a  specific  gravity  of  1.174,  while  the  specific  gravity  of  the 
raw  culm  was  1.52.  The  crusning  strength  of  the  briquettes  was  only  4,500 
pounds,  or  156  pounds  to  the  square  inch.  The  eggettes  of  this  mixture  made 
on  the  American  machine  were  harder  and  firmer  than  the  corresponding  bri- 
quettes. They  all  burned  like  anthracite  coal,  except  that  in  starting  the  fire 
they  were  more  easily  ignited. 

Another  ton  ol  the  anthracite  culm,  which  had  been  kiln-dried,  was  briquetted 
with  7  per  cent  of  pitch  B  without  the  addition  of  any  bituminous  coal.  If  the 
steam  introduced  into  the  pug  mill  was  wet  the  fresh  briquettes  were  almost  too 
soft  to  handle.  If,  however,  the  steam  was  dry,  they  were  firm  and  polished. 
Although  the  briquettes  were  not  so  lustrous  as  those  made  with  soft  coal,  they 
were  clean,  smooth,  hard,  and  strong,  and  when  dropped  rang  like  stone.  The 
eggettes  of  this  mixture  made  on  the  American  machine  were  also  very  good,  but 
no  better  than  the  briquettes.  Both  the  eggettes  and  the  briquettes  burned  like 
lump  anthracite,  with  very  little  flame  or  crumbling.  In  breaking  the  large  bri- 
quettes there  was  little  waste.  The  briquettes  weighed  on  an  average  7.4  pounds 
each  and  had  a  specific  gravity  of  1.28,  the  specific  gravity  of  the  coal  being  1.52. 
Tne  crushing  strength  of  the  briquettes  was  17,100  pounds,  or  596  pounds  to  the 
square  inch,  this  test  being  made  on  briquettes  that  had  been  exposed  to  the 
weather  for  over  a  month. 
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One  ton  of  the  anthracite  culm  was  also  tested  with  7  per  cent  of  pitch  D 
as  a  binder;  but,  on  account  of  lack  of  pressure,  the  briquettes  were  porous  and 
not  so  good  as  those  which  contained  7  per  cent  of  pitch  B.  They  stuck  together 
while  hot,  indicating  that  7  per  cent  of  pitch  D  was  sufficient  and  that  an  increase 
of  pitch  would  not  improve  them.  They  weighed  but  7.06  pounds  each  on  an 
average. 

A  5-ton  lot  of  the  anthracite  culm  was  briquetted  with  10  per  cent  of  West 
Virginia  coking  coal  and  11}  per  cent  of  the  Hoffman  patent  binder  on  the  Ameri- 
can machine.  The  eggettes  were  hard,  smooth,  and  clean,  with  a  somewhat  polished 
surface,  and  stood  considerable  rough  handling.  These  eggettes  were  tested  by 
burning  under  a  boiler,  the  fire  box  of  which  was  fitted  for  a  bituminous  coal.« 
Although  made  of  79}  per  cent  of  anthracite,  they  did  not  bum  like  anthracite, 
and  their  oil  and  rosin  constituents  gave  a  long  flame  to  the  fuel,  and  the  boiler 
ran  at  86  per  cent  of  its  rated  capacity. 

From  the  results  of  these  tests  it  is  apparent  that  anthracite  culm  can  be 
satisfactorily  briquetted  either  in  combination  with  a  coking  coal  or  by  using 
simply  pitch  as  a  binder,  and  that  the  briquettes  have  most  of  the  properties  of 
lump  anthracite. 

VS^EST  VIRGINIA. 

All  of  the  West  Virginia  coals  tested  at  the  plant  were  good  coking  coals,  so 
that  there  was  little  need  of  briquetting  experiments. 

West  Virginia  No.  3. — A  test  was  made  with  this  coal  in  the  laboratory  to 
determine  if  it  is  possible,  under  a  certain  pressure  and  temperature,  to  make  a 
briquette  without  any  binder.  A  briquette  was  obtained  which,  although  not 
perfectly  satisfactory,  indicates  that  under  certain  conditions,  with  the  right 
pressure  and  temperature,  briquettes  could  be  made  with  this  coal  without  any 
binder  whatever.     (See  p.  1416.) 

West  Virginia  No.  6. — The  first  test  made  on  this  coal  was  with  5  per  cent 
of  thie  glossy  homemade  pitch  Y.  The  pressure  used  was  the  limit  that  could 
be  obtained  on  the  English  machine,  and  the  resultant  briquettes  were  hard, 
clean,  and  strong,  and  had  a  sharp,  glossy  fracture.  They  were  in  every  way 
equal  to  the  best  briquettes  made  on  this  machine.  They  weighed  on  an  average 
6.12  pounds  each.  On  account  of  the  excellent  quality  of  the  briquettes  with 
•5  per  cent  of  pitch,  another  ton  was  briquetted  with  only  3  per  cent  of  pitch  Y. 
Extreme  pressure  was  applied,  and  the  resultant  briquettes  were  unusually  smooth 
and  glossy,  but  not  quite  strong  enough.  They  crumbled  instead  of  cracking 
clean  imder  the  blows  of  a  hammer.  The  briquettes  containing  5  per  cent  of 
pitch,  when  broken,  made  little  or  no  waste  and  had  a  clean  fracture. 

o  For  result  of  steam  test  see  pp.  793-800. 
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On  the  American  machine  the  mixture  containing  5  per  cent  of  pitch  Y  made 
very  glossy  and  solid  eggettes,  which  were  strong  and  would  stand  a  great  deal 
of  rough  handling.  One  surprising  quaUty  of  these  briquettes  was  that  when 
tested  in  the  cook  stove  they  burned  with  little  or  no  caking,  although  the  coal 
itself  is  a  very  good  coking  coal.  The  briquettes,  when  exposed  to  the  weather, 
were  affected  but  little  and  did  not  disintegrate  appreciably.  In  burning  they 
held  together  until  entirely  consumed.- 

This  coal  was  also  tested  with  the  Hoffman  patent  binder,  and  the  resultant 
eggettes  were  also  of  good  quality,  being  hard,  glossy,  and  clean;  but  in  burning 
they  caked  more  than  those  with  5  per  cent  of  pitch. 

WYOMING. 

Wyoming  No.  L — This  coal  was  a  black,  pitchy-looking  lignite,  which  con- 
tained 23  per  cent  of  water.  It  was  first  tried  without  drying,  9  per  cent  of  pitch 
H  being  used.  Judging  from  the  resulting  briquette,  there  was  a  slight  excess 
of  pitch,  but  on  account  of  the  large  amoimt  of  water  in  the  lignite  the  pitch  appar- 
ently failed  to  adhere  to  the  grains  of  lignite.  The  fresh  briquettes  were  difficult 
to  handle,  and  when  broken  open  the  grains  of  lignite  seemed  to  be  coated  with 
moisture,  which  prevented  the  pitch  from  adhering  to  them.  Many  of  the  bri- 
quettes were  porous,  not  being  sufficiently  pressed,  and  they  were  also  brittle. 
Some  of  them,  however,  were  quite  good.  When  broken  up  and  burned  in  the 
stove  they  stood  up  well  in  the  fire  and  burned  better  than  any  lignite  briquette 
that  had  thus  far  been  made.     They  weighed  on  an  average  6.31  pounds  each. 

.  Another  ton  of  this  lignite  was  ground  in  the  Williams  mill  and  run  through 
the  drier,  but  this  operation  removed  only  a  portion  of  the  water,  so  that  the 
briquette  still  contained  considerable  moisture.  This  material  was  briquetted  on 
the  English  machine  with  8  per  cent  of  pitch  H.  A  minimum  amount  of  steam 
was  used,  which  did  not  contain  any  excess  of  water,  and  a  maximum  pressure 
was  applied.  As  received  from  the  machine,  many  of  the  briquettes  showed 
perpendicular  cracks,  due  to  the  excessive  pressure.  The  hot  briquettes  were 
difficult  to  handle,  the  individual  grains  of  the  lignite  seeming  to  be  wet  and  not 
cohering  at  all.  Many  of  them  would  crack  badly  under  their  own  weight.  On 
breaking  open  the  hot  briquettes  the  grains  of  lignite  seemed  to  move  about  as 
if  alive.  This  lack  of  cohesion  continued  until  the  pitch  became  quite  hard  and 
could  no  longer  be  pressed  in  the  machine.  Thus  the  variation  in  the  steam  used 
as  the  mixture  passed  through  the  pug  mill  had  no  effect  on  the  cohesion  of  the 
briquettes.  On  cooling,  however,  these  briquettes  became  very  hard  and  strong 
and  broke  with  a  sharp  fracture  and  with  but  a  small  amount  of  waste.  In  burn- 
ing they  did  not  fall  to  pieces,  as  did  the  other  lignite  briquettes,  but  burned  satis- 
factorily.    They  were  very  light,  weighing  only  5.85  pounds  each,  and  had  a 
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specific  gravity  of  0.98.  The  specific  gravity  of  the  coal  was  only  1.16.  The 
crushing  strength  of  these  briquettes  was  9,600  pounds,  or  339  pounds  to  the 
square  inch. 

Another  ton  of  this  coal  w*as  tested  with  a  soft,  tough  asphalt,  B6,  from 
Casper,  Wyo.  As  had  been  shown  by  laboratory  tests,  this  asphalt  could  not  be 
used  on  the  EngUsh  machine  alone,  and  as  a  result  the  lignite  was  briquetted 
with  5  per  cent  of  asphalt  .B6,  2i  per  cent  of  rosin,  and  1  per  cent  of  lime  which 
had  previously  been  hydrated.  This  mixture  worked  perfectly  in  the  machine, 
and  the  hot  briquettes  were  firm  and  good  and  easily  handled,  but  the  proportion 
of  binder  was  not  sufficient  and  the  briquettes  were  dry  and  not  strong.  Another 
reason  for  this  result  was  that  during  the  two  crushings  and  dryings  of  the  lignite 
the  grains  had  become  of  a  nearly  uniform  size  (about  10  mesh),  so  that  the  bri- 
quettes  were  very  porous  in  spite  of  the  maximum  pressure  used.  In  burning, 
the  briquettes  fell  to  pieces.  They  weighed  on  an  average  5.40  pounds  each.  A 
combination  of  this  coal  and  asphalt  can  undoubtedly  be  obtained  which  will 
briquette  satisfactorily. 

A  further  test  of  this  lignite  was  made  with  7  per  cent  of  a  mixture  composed 
of  20  parts  asphalt  and  1  part  rosin  with  1  part  slaked  Ume.  The  coal  had  been 
previously  dried.  The  briquette  was  poor  and  disintegrated  badly  in  the  fire.  This 
coal  was  again  tried  with  the  same  binder  without  previous  drying.  This  briquette, 
though  better  physically,  did  not  have  so  much  cohesion  in  the  fire  as  the  first.  It 
is  probable  that  a  partial  drying  of  this  lignite  would  give  the  best  results. 

A  supply  of  Wyoming  lignite  received  from  Mr.  John  McNeil,  of  Casper,  Wyo., 
was  briquetted  without  previous  drying  with  8  per  cent  of  a  mixture  composed  of  2 
parts  Wyoming  asphalt  to  1  part  of  rosin  and  1  per  cent  of  slaked  lime.  This  made  a 
good  briquette,  which  stood  up  in  the  fire  fairly  well,  although  it  disintegrated  a  Uttle. 
With  7  per  cent  of  the  mixture  and  1  per  cent  of  slaked  lime  the  briquette  was 
practically  the  same;  with  6  per  cent  of  the  mixture  and  1  per  cent  of  slaked  lime 
the  briquette  was  crumbly;  while  with  7  percent  of  the  mixture  without  lime 
the  briquette  was  physically  a  little  tougher,  but  disintegrated  more  in  the  fire  than 
when  the  lime  was  used.  On  increasing  the  percentage  of  Ume  and  using  7  per  cent 
of  the  mixture  and  2  per  cent  of  slaked  lime  a  briquette  was  obtained  that  looked 
much  like  those  made  with  the  7  to  1  combination,  and  was  not  any  stronger. 

COKE  BREEZE. 

In  order  to  determine  whether  it  was  possible  to  use  waste  coke  breeze,  a  series 
of  ex|>eriments  was  made  in  the  laboratory  which  showed  that  coke  breeze  could  be 
briquetted  and  used  as  a  substitute  for  lump  coke.  In  order  to  make  a  practical  test 
a  ton  of  this  mixture  was  made  containing  73  per  cent  of  crushed  coke,  20  per  cent  of 
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West  Virginia  No.  6  coal,  and  7  per  cent  of  homemade  pitch  Y.  These  materials 
were  mixed  thoroughly  by  hand  and  run  through  the  English  machine,  both  sides 
of  the  disintegrator  being  used.  They  were  well  pressed,  and  as  delivered  by  the 
machine  they  were  unusually  dry  and  had  on  the  surface  a  brassy  to  bronze  sheen 
which  looked  as  though  it  might  be  due  to  an  abrasion  of  the  brass  of  the  molds. 
Upon  testing  this  material,  however,  it  was  found  to  contain  only  the  faintest  pos- 
sible trace  of  copper.  The  briquettes  were  hard  and  strong  and  easily  handled  while 
hot,  but  were  somewhat  dirty.  On  cooling  they  became  unusually  tough  and  strong, 
and  during  combustion  were  soUd  and  burned  more  like  anthracite  than  bituminous 
coal.  Such  a  combination  would  make  a  good  substitute  for  anthracite  coal.  These 
briquettes  weighed  on  an  average  5.73  pounds  each. 

The  same  mixture  was  run  through  the  American  machine,  and  the  eggettes 
were  dense,  smooth,  and  polished,  but  not  so  tough  as  the  corresponding  briquettes. 
While  warm  they  would  stand  a  great  deal  of  rough  handling,  but  on  cooling  became 
brittle.  This  may  be  due  to  the  crushing  of  the  coke  grains  by  the  excessive  pressure 
obtained  in  the  American  machine. 

The  next  test  of  coke  breeze  was  made  without  the  introduction  of  any  bitumi- 
nous coal,  and  the  mixture  consisted  of  92  per  cent  of  coke  breeze  and  8  per  cent  of 
pitch  D.  In  passing  this  mixture  through  the  EngUsh  machine  both  sides  of  the 
disintegrator  were  run,  a  minimum  amount  of  steam  was  used,  and  a  moderate 
pressure  was  exerted.  The  resultant  briquettes  wer6  clean,  well  formed,  and  when 
struck  had  a  metallic  ring.  They  were  very  tough  and  strong  and  would  bear  much 
more  liandUng  than  any  of  the  briquettes  made  out  of  the  coal.  They  burned  like 
ordinary  coke,  without  any  disintegration  and  with  only  a  Uttle  flame.  These 
briquettes  weighed  on  an  average  5.92  pounds  each.  The  well-pressed  briquettes 
had  a  specific  gravity  of  1.025  and  the  porous  briquettes  had  a  specific  gravity  of 
1.002.  The  crushing  strength  of  the  better  briquettes  was  30,100  pounds,  or  1,054 
pounds  to  the  square  inch,  while  the  porous  briquettes  had  a  crushing  strength  of 
22,100  pounds,  or  784  pounds  to  the  square  inch.  In  comparing  the  results  of  the 
crushing  strength  of  these  coke  briquettes  with  those  made  from  coal  it  will  be  seen 
that  even  the  porous  briquettes  had  a  much  greater  crushing  strength  than  the  best 
of  the  coal  briquettes. 

The  eggettes  of  this  same  mixture  that  were  made  on  the  American  machine 
were  hard  and  had  the  same  metallic  ring  as  the  briquettes.  On  account  of  the 
fragments  of  coke  being  crushed  in  the  press,  these  were  denser  than  the  briquettes, 
but  not  so  tough.  They  were,  however,  satisfactory.  The  manufacture  of  these 
eggettes  or  briquettes  should  be  a  means  of  utilizing  a  considerable  amoimt  of  waste 
coke. 
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COKING  OF  BRIQUETTES  AND  BRIQUETTE  MIXTURES. 

In  connection  with  the  briquetting  of  the  various  coals,  a  line  of  experimental 
work  suggested  itself,  viz,  the  possibility  of  making  a  coke  out  of  a  semicoking  to  non- 
coking  coal  by  the  introduction  of  sufficient  volatile  matter  in  the  form  of  a  binder  to 
cause  the  coal  to  coke.  The  first  experiment  along  this  line  was  tried  with  some  of 
the  briquettes  made  from  Arkansas  No.  4  coal  and  6  per  cent  of  pitch  B,  by  filling  a 
box  with  about  12  crushed  briquettes  and  then  placing  this  in  one  ol  the  coke  ovens, 
where  it  remained  during  a  run  of  a  coking  coal.  The  result  of  this  experiment  was 
the  obtaining  of  a  mass  of  coke  which  was  12  to  15  inches  long,  somewhat  metallic  in 
appearance,  and  had  a  good  ring  to  it.  The  next  experiment  was  the  filUng  of  a  box 
with  a  mixture  of  Arkansas  No.  4  coal  with  6  per  cent  or  pitch  B,  but  without  passing 
it  through  the  press.  This  was  treated  in  the  coke  oven  like  the  other,  but  the 
results  were  not  so  satisfactory  as  in  the  fii*st  case.  A  coke  was  obtained,  but  it  was 
not  so  good  as  the  other.  The  next  experiment  was  with  the  same  mixture  after 
briquetting  but  without  breaking  up  the  briquettes.  These  were  piled  on  top  of  one 
another  in  a  box  and  tested  in  the  coke  oven  in  the  same  manner  as  the  other.  The 
result  ot  this  test  was  the  obtaining  of  masses  ot  dense  coke  that  retained  the  form  of 
the  original  briquette.  All  of  the  coke  obtained  by  these  experiments,  while  not  of 
the  quality  desired  for  iron  smelting,  could  be  used  for  lead  and  copper  smelting. 

In  view  of  the  success  attending  the  above  experiments  it  was  decided  to  try  this 
Arkansas  coal  on  a  larger  scale,  and  for  this  purpose  4  tons  of  No.  6  slack  coal  were 
used.  Four  tons  of  this  unwashed  coal  were  crushed  and  mixed  with  8  per  cent  of  the 
hard  pitch  A  and  then  ground  in  the  Williams  mill.  Two  tons  of  this  mixture  were 
charged  direct  into  a  coke  oven  and  the  other  two  tons  were  briquetted  and  then 
placed  in  the  same  oven.  Both  mixtures  made  coke,  but  not  of  the  best  quaUty. 
On  account  of  the  briquettes  not  being  packed  close  together  a  portion  of  them  were 
somewhat  burned  and  were  not  so  good  as  the  remainder.  The  coke  was  very  dark 
and  had  large  scales.  This  charge  weighed  8,000  pounds,  was  burned  42  hours  and 
yielded  4,056  pounds  of  coke  and  539  pounds  of  breeze  and  ash. 

In  the  following  table  are  given  the  results  of  the  coking  tests  of  the  box  of 
briquettes  and  the  full  charge  of  briquette  mixture  and  briquettes: 

RtsuUs  of  coking  tests  VTith  Arkansas  coals. 
Chemical  composition.  '  ♦*.£ 


Name  of  sample. 


o  s 


5  2 


«5 


Ic 


^  o  o 


Arkansas  No.  3: 
Briquettes.. 

Coke 

Arkansas  No.  6: 
BriquetU»8.. 
Coke 


I  Per  cl.    Per  ct.    Per  ct.  '■  Per  ct.    Per  ct.    Per  ct. '    Lbs. 

'  I  '/  Small 

,1    bo.x. 


1.05 


4.59 
4.06 


2.80 


17.25 

2.77 


I 
72.73       23.42  i 

i 
64.12  '  14.04  I 
76.63  '     16.54  ' 


s 


Hours. 

}    « 


1.52 


1.68 
1.43 


k 


r 


I 


k 


83 


Lbs.    I    Lbs. 


539  ' 


1.88 


50.7 
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As  is  seen  from  the  above  table,  the  coke  made  from  Arkansas  No.  3  briquettes 
is  high  in  ash  and  that  made  from  the  Arkansas  No.  6  briquettes  is  also  rather 
high.  It  must,  however,  be  taken  into  consideration  that  these  briquettes  were 
made  priincipally  from  slack  unwashed  coal.  By  comparing  these  results  with 
those  of  the  coking  tests  on  the  unbriquetted  Arkansas  coals,  as  given  on  pages 
1328-1331,  it  will  be  seen  that  no  coke  whatever  was  produced  from  these  Arkansas 
coals.  Mr.  Stammler  states,  however,  that  if  properly  washed  these  coals  may 
make  coke  in  a  retort  oven. 

The  above  experiments  are  interesting  inasmuch  as  they  show  that  a  naturally 
nolicoking  coal  may  be  made  to  coke  by  the  addition  of  pitch,  which,  by  increasing 
the  volatile  matter,  causes  the  coal  to  fuse  and  thus  to  produce  coke.  They  also 
seem  to  show  that  while  a  coke  can  be  made  by  simply  mixing  the  coal  and  pitch 
together  and  chaining  it  into  the  coke  oven,  the  better  quality  of  coke  will  be 
obtained  if  the  mixture  has  been  previously  briquetted  before  being  charged  into 
the  coke  oven;  but  sufficient  experiments  along  this  line  have  not  yet  been  made 
to  justify  any  definite  conclusions.  It  ia  expected,  however,  that  experiments  along 
this  line  will  be  continued. 

SUMMARY. 

From  the  experimental  work  that  has  been  carried  on  at  the  briquetting  plant, 
it  has  been  fully  demonstrated  that — 

(1)  Some  of  the  American  coals,  as  those  from  Arkansas,  and  the  slack  pro- 
duced in  mining  these  coals,  can  be  briquetted  on  a  commercial  basis. 

(2)  In  a  number  of  instances  the  briquetted  coal  makes  a  better  fuel  and  will 
stand  transportation  better  than  the  original  coal. 

(3)  It  is  possible  to  briquette  anthracite  culm  with  pitch  without  the  addition 
of  any  bituminous  coal,  and  the  briquettes  will  stand  up  in  the  fire  without  crumb- 
Ung  and  bum  like  a  lump  of  anthracite  coal. 

(4)  Coke  breeze  can  be  briquetted,  making  a  fuel  that  in  burning  is  similar 
to  an  anthracite  coal  and  can  bear  transportation  as  well  as  the  coal. 

(5)  It  is  possible  by  the  use  of  piich  to  produce  coke  from  a  naturally  noncoking 
coal. 
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The  general  results  of  the  work  of  the  briquetting  plant  are  summarized  in  the 
table  given  below: 

Summary  of  briquetting  tests. 


Name  of  sample. 


Coal. 


I       Chemical  compositin*^ 


I  Character  and  con- 
dition. 


I 


Vola- 

tUe 

matter. 


Fixed 
car- 
bon. 


Mois- 
ture. . 


Ash. 


t^ 

Per 

grav- 

cent. 

ity. 



AlabamaNo.l : 31.84     53.28      2.34     12.64   

ArkansasNo.l 17.46     66.60      3.24  '  12.61    

Arkan8asNo.2 '    16.02     72.65      2.23      9.20 

Arkansas  No.  3 Slightly  moist ... .      19.47  ^  66.71       2.19!  11.63, 

Do do ! ' 

Arkansas  No.  4 Slack j 1.36 

Do do I 1.35 


Do. 

Do. 
Do. 


.do. 

.do. 
.do. 


Do do 12.82     73.09  I     1.28     12.21 

Arkansas  No.  5 12.68     72.88  !    2.36  '  12.08 

ArkansasNo.6 13.89  |  68.50  ,    3.80,13.81 

Colorado  No.  1  a 34.88     40.45:18.68      6.99 

lUinoisNo.  1 Soft |  37.48  |  39.57      9.75  |  13.20 

lUinoisNo.  4 31.90  |  43.66  '  12.91     11.64 


1.35 


1.35 
1.35 


Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


Coarse. 
Fine... 


Indiana  No.  1 Washed 

Indiana  No.  2 

Indian  Territory  No.  2 

Indian  Territory  No.  3 

Indian  Territory  No.  6 

Do 


Do. 
Do. 

Do. 

Do. 


Do 

Do 

Iowa  No.  4. 
Do 


35. 17 

36.14 

Hard I    36.15 

37.00 

Dirty  slack I    31.28 

....do 


40.41 
41.22 
48.40 
47.26 
41.40 


16.59 
9.62 
4.45 
4.61 
8.03 


7.83 
13.02 
11.00 
11.14 
19.29 


1.34 
1.34 
1.34 
1.34 
1.34 
1.34 


.do. 
.do. 

.do. 

.do. 

.do. 
.do. 


36.59     39.37  I  14.08     10.96 


25 


7 
7 

13.  ^ 
8 
7 
9 
8 

i; 
i; 
i;. 

8 
8 


Binder. 


Kind. 


Pitch  A. 
do.. 


Pitch  X. 
do... 


Pitch  A 

PitchX 

Pitch  A 

Rosin 

Pitch  A 

Rosin 

PitchA 

PitchB 

Rosin 

PitchB 

PitchC 

PitchA 

Pitch  D 

PitchX 

Pitch  D 

....do 

Pitch  E 

do 

....do 

PitchH 

Asphalt  B4 

Pitch  D 

PitchH 

PitchX 

PitchA 

Pitch  D 

....do 

PitchA 

Rosin 

Lime 

Rosin 

Petroleum  P3.. 

Pitch 

Creosote 

Asphalt  B5.... 

PitchH 

Pitch  E 

....do 


Composition. 
Vola-  i  m^g^ 


47.93       50.79 


50.07  I    39.44 


49.66  !     47.88 


62.75  ,    35.84 


54.05       43.91 


54.11       44.04 


61.44  ,     36.72 


80.76       19.25 


aBlackUgnite. 
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Character  and  con- 
dition. 

Good  coking 

Rather  hard 

Slack 

Cc 
Cher 

.  Vola- 
;     tile 
matter. 

»al. 

on. 
Ash. 

17.91 
4.30 
9.13 

Binder. 
Kind. 

Pitch  X 

Name  of  sample. 

nlcalco 

Fixed 
car- 
bon. 

mpositi 

Mois- 
ture. 

4.18 
3.10 
7.91 

Spe- 

ciflc  ,    Per 
grav-  cent. 
Ity. 

U 

1    « 

1.37      9 

1.37  ^    8 

11.5 

16 

7 

12 

Composition. 

Kansas  No.  2 

:    31.23 
1    36.12 

46.68 

SA.XI 

Kentucky  No.  1 

Pitch  D . .     .   . 

Kentucky  No.  2 

37.94  i  45.02 

Pitch  E 

1 

D© 

do 

Pitch  A 

Missouri  No.  1 

Washed 

33.58 

38.73 

8.33 
11.06 

12.29 

19.36 
10.97 

V99 

Montana  No.  1 

Do 

do 

do 

!    35.90  j  42.08 

1 1 

1    34.58  j. 46.14 

do 

Pitch  B 



New  Mexico  No.  1 « 

Pitch  A 

Do 

15.8 

8 
10 

8 

7 

9 
10 

Pitch  X 

Do 

'' 

Pitch  D.. 

Do 

1               1 

do 

Pitch  H 

Do 

i 

New  Mexico  No.  2  a 

Slack 

do 

33.82     36.73 

10.79 

18.66 

Pitch  D 

Do 

do 

Pitch  A 

North  Dakota  No.  16... 

Tough;  not  dry  .. 
Dry 

Anthracite  culm., 
r^im    

29.50  1  25.68 

1 - 

1      7.02     71.79 

35.38 
5.41 

9.35 
15.78 

Do 

Pennsylvania  No.  3 

12 

1.52       7 
5 

do 

Pitch   A 

West  Virginia  coal. 
Pitch  B 

1 

1 
1 

Do 

West  ViiKinia  coal. 
Pitch  B 

}        

Do 

Culm,  dried 



1 

West  Virginia  No.  6 



21.54 

71.88 

1.53 

5.05 

Pitch  Y 

Do 

3 
9 

do 

Wyoming  No.  1 «» 

Dried 

35.68 

37.19 

22.63 



4.5(J 

1.16 

Pitch  U 

Do 

1.16 
1.16 

8 
5 
2.6 

do 

Asphalt  B6 

Rosin 

Lime 

Do 

.....do 

1 
1 

78.77  1    20.75 

>  Black  lignite. 

!__      1 

- 

bBn 

>wn  lignite. 
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Summary  of  hriquetting  testa — Continued. 


Name  of  sample. 


Briquettes. 


Alabama  Xo. 


*ItV"    pounds.  I 


General  character. 


Behavior  on 
weathering. 


Behavior  on  burning. 


Crushing 
strength, 
pounds 

per 

square 

inch. 


Arkansas  No.  1. 

Arkansas  No.  2. 

Arkansas  No.  3. 

Do 


Good Slightly disin-    Good. 

tegrates.       ! 

Poor,  friable Disintegrates.    Poor. 

Poor,  porous Poor 


Arkansas  No.  4. 
Do 


Do 

Do 

Do 

Do 

Indiana  No.  1 

Indiana  No.  2 

Indian  Territory  No.  2. 
Indian  Territory  No.  3. 
Indian  Territory  No.  6. 

Do 

Do 

Do 

Do 


I.a3 
1.06 
1.11 


Do 

Do 

Do 

Iowa  No.  4. 
Do 


1.25 

1.21.5 
1.22 


Very  good,  smooth  and  hard   Good Held  together  until  con- 

I     sumed. 


ft.  47 


Do 

6.87 

Do 

Do 

1.13 
1.17 

6.87 

6.92 

7.20 
5.98 

Do 

Colorado  No.  1  o 

Illinois  No.  1 

Illinois  No.  4 

1.16    1 
1.11     ! 
1.13    1 

6.95 
6.43 
6.15 

Do 

Do 

Incoherent Disintegrates .  > 

Good,  compact Good 

Clean, compact, but  brittle. do Some  smoke,  very  good. 

Clean,  excellent do I  Bum  readily,  no  disin- 
tegration. 


Excellent  in  every  resi)ect. . 


Nodeteriora-  i 
tion. 


No  disintegration . 


610 


Tender,  friable , 

Hard  and  lustrous,  but  brit- 1 
tie. 


Slight  deteri- 
oration. 


Satisfactory,  little  dis- 
integration. 


6.50 
6.43 
6.81 
6.77 
6.80 
6.42 
6.15 
6.56 
7.35 
7.50 


Like  pressed  damp  loam . . . ; 

Hard,  but  rather  friable | Some  disintegration . 

Hard  and  tough |  Good Good 

Not w^ell pressed;  somewhat Fair 

porous. 

Well  pressed, but  friable Fair do 

Good do i  Good 


7.00 
7.29 

7.25  ! 

7.12 

7.27 

6.73 

6.77 


Clean,  excellent '  Good 

Tough,  fair '. 

Very  good Good , 

Clean,  excellent do 

Poor Crumbles 

Fair !  Disintegrates 

Dense,  but  crumbly do 

do do 

do do 

do do. 


Very  satisfactory. 


181 
325 
253 

209 
352 
446 


I 


Very  satisfactory'. 
do 

Poor 

Fair 

Disintegrates 

do 

do 

.do 


195 


Strong,  good I  Good,  considerable 

smoke. 

Good,  crumbles  slightly Good ; 

Tough,  good do 

Very  good V>ry  good 

Crumbles Poor Fair I 

Strong,  but  not  quite  hard 
enough. 

a  Black  lignite. 


223 

226 

111 


Good Very  good,  no  dislnte- 

i     gration.  I 


BRIQUETTING   TESTS. 
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Summary  ofhriquetting  tests — Continued. 
Briquettes. 


Name  of  B&mple. 


Spe- 
cfflc 


Weight  I 

in 
pounds. : 


Kansas  No.  2 

Kentucky  No.  1'. 

Kentucky  No.  2 

Do 

Missouri  No.  1 

Montana  No.  1 

Do 

New  Mexico  No.  !«.... 

Do 

Do 

Do 

Do 

New  Mexico  No.  2  o. . . . 

«   Do 

North  Dakota  No.  1&. 

Do 

Pennsylvania  No.  3. . . 


1.13 
1.02 
1.06 


Do 

Do 

West  Virginia  No.  6. 

Do 

Wyoming  No.  lo 

Do 

Do 


1. 174 
1.28    ' 


.08 


6.15 
6.83 
6.83 


6.30 
7.00 


6.83 
6.42 
6.25 
7.00 
7.12 


7.25 

7.64 
7.40 
6.12 


6.31 
5.85 
5.40 


General  character. 


Behavior  on 
weathering. 


Poor 1  Poor 

Good,  slightly  porous I  Very  good 

Very  hard  and  tough I do 

Excellent , do , 


Pitch  set  too  quick,  porous. . ,  Fai r 

Fair,  rather  porous I  Good 

Hard,but  brittle , do. . . 

Very  unsatisfactory '  Crumbles |  Disintegrates. 

Poor ' do , do 


Behavior  on  burning. 


Crushing 
strength, 

pounds 
per 

square 

inch. 


Poor 

Excellent. 

do.... 

....do.... 

Good 

....do.... 
....do.... 


Fair,  somewhat  crumbly do , 

do do , 

Hard  and  strong i  Good 

Crumbly Disintegrates 

Earthy '  Fair 


....do 

....do 

Good 

Disintegrates. 
Fair 


248 
206 
454 


Porous, little  cohesion |  Disintegrates.  |  Disintegrates 

do , do I do L 

Hard  and  tough,  good '  Becomes  pit-  i  Good,  like  anthracite. . .  |. 

I      ted.  ' 


Fair 

Hard  and  strong. 


do , do. 

.!  Good ' do. 


156 
596 


Very  good j  Very  good Very  good 

Good '  Good ;  Good 

Fair,  porous \  Fair I  Satisfactory.. 

When  cold,hard  and  strong..  Good i  Good 

Poor '  Fair '  Fell  to  pieces . 


I 


a  Black  lignite. 


6  Brown  lignite. 
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WASHING  TESTS. 


By  John  D.  Wick. 


INTRODUCTION. 

The  washery  plant  was  constructed  after  designs  furnished  by  Roberts  & 
Shaefer  Company,  of  Chicago.  It  was  under  the  immediate  supervision  of  the 
writer,  who  was  assisted  by  Mr.  Edward  Moore.  The  chemical  analyses  given  in 
the  report  were  made  at  the  laboratory  of  the  testing  plant  under  the  direction  of 
Prof.  N.  W.  Lord.  The  steam  tests  mentioned  were  made  in  the  boiler  room  under 
the  direction  of  Prof.  K  P.  Breckenridge. 

Owing  to  the  small  appropriation  and  the  great  cost  of  all  material  and  labor 
on  the  Exposition  grounds,  the  washery  plant  was  made  as  small  as  possible,  con- 
sisting of  four  35-ton  storage  bins  and  two  bins  of  half  the  size  for  holding  material 
to  be  washed.  On  account  of  the  small  size  of  the  bins  holding  material  to  be 
washed,  it  was  impossible  to  wash  an  entire  carload  of  coal  in  one  operation.  Wash- 
ing tests,  therefore,  had  to  be  made  in  lots  of  10  tons  or  less,  and  for  that  reason 
the  best  results  were  not  always  obtained  and  not  many  such  tests  were  made. 
The  lack  of  adequate  storage  facilities  and  the  constant  demand  upon  the  conveying 
apparatus  for  suppljdng  fuel  to  the  boiler  room,  the  gas-producer  plant,  the  coke 
ovens,  and  the  briquetting  machines  made  it  frequently  impossible  to  weigh  care- 
fully the  washed  product  and  the  refuse  material.  Although  complete  washing 
tests  were  made  in  only  a  few  instances,  considerable  coal  was  wasted  for  coking, 
but  in  small  amounts,  only  sufficient  for  charging  a  single  oven. 

As  noted  in  the  general  description  of  the  plant  (p.  25),  the  washing 
apparatus  consisted  of  a  New  Century  jig  and  a  modified  Stewart  jig  (see  PI.  XIII). 
The  former  is  designed  for  washing  very  fine  material,  whereas  the  latter  will  wash 
coal  composed  of  pieces  crushed  to  a  diameter  of  IJ  inches.  The  tests  made  were 
not  sufficiently  complete  to  determine  the  efficiency  of  these  jigs,  but  considerable 
difficulty  was  experienced  with  the  New  Century  jig,  the  material  being  so  fine  that 
it  packed  in  the  bottom  of  the  jig  and  thus  prevented  the  discharge  of  the  refuse 
material.  The  modified  Stewart  jig  gave  very  good  satisfaction,  and  seems  very 
well  adapted  to  most  kinds  of  coal. 
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The  next  important  item  in  successful  washing  is  the  determination  of  the 
amount  of  coal  retained  in  the  refuse,  or,  in  other  words,  wasted.  From  the  com- 
position of  the  refuse  and  its  weight  the  amount  of  coal  in  the  refuse  is  about  1,000 
pounds,  about  3i  per  cent  of  the  original  charge,  or  about  5i  per  cent  of  the  coal 
in  the  original  charge. 

The.  eflFect  of  washing  in  improving  the  quality  of  this  coal  is  shown  by  steam 
tests  Nos.  18  and  19.  Test  No.  18  was  made  on  lump  coal  from  this  mine,  and  test 
No.  19  was  made  on  the  washed  slack  from  the  same  mine. 

The  following  brief  results  of  these  tests  are  given: 

Steam  tests  of  lump  and  washed  coal  (Illinois  No.  2). 


Coal  tested. 


Lump  coal . . . 
Washed  slack. 


Dry  coal     Equiva- 


2,7-1^    Dry  coal 


Total     !    Horse-    '    ""'^„    oratloiT     perlndi-  J^IL^, 
sumed.    ".^^iP??^    ifrate  sur- *' "^^  *  ji    "^rae-    i    pQ^-p^ 


Pounds.  I  Ptmnds.     Pounds.     Pounds.  I  Pounds. 

11,124  1    211.4       24.90         7!21  '      3.92  4.85 

10,096       210.2  I    22.36         8.00         3.54  4.38 


A  small  amount  of  this  coal  was  also  washed  for  coking  purposes,  and  the 
improvement  may  be  noted  by  comparing  the  results  obtained  from  this  chaise 
with  those  obtained  from  a  charge  of  Illinois  No.  1,  which  consists  of  lump  coal 
from  the  same  mine.  This  test  was  made  on  a  charge  of  9,000  pounds  of  unwashed 
coal,  which  was  burned  for  43  hours.  It  produced  some  small  pieces  of  coke  mixed 
with  charred  coal  and  ash.  This  coal  contained  15.95  per  cent  of  ash  and,  possibly 
for  this  reason  in  part,  failed  to  coke.  , 

The  second  test  was  made  on  Illinois  No.  2  washed.  The  amount  of  coal 
charged  was  9,000  pounds,  which,  after  burning  64  hours,  yielded  3,389  pounds  of 
mixed  hard  and  soft  coke  and  352  pounds  of  breeze  and  ash. 

From  this  report  it  is  obvious  that  the  raw  lump  coal  did  not  coke,  but  the 
washed  slack  produced  coke  of  fair  quaUty,  although  the  percentage  of  the  yield 
is  so  small  that  it  probably  would  not  be  commercially  successful. 

The  improvement  by  washing  is  also  shown  by  the  chemical  analyses  of  the 
coal  before  and  after  washing,  as  follows: 

Analyses  showing  effect  of  washing  Illinois  No.  2  coal. 

\    Raw  coal      Washed  coal 
Kawcoai.      for  coking. 


Ash per  cent. .         22. 44  9. 19 

Sulpliur do 4. 00  3. 03 
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Indiana  No.  1. 

This  was  a  sample  of  run-of-mine  coal  from  the  mine  of  the  J.  Woolley  Coal 
Company,  located  at  Mildred,  Sullivan  County,  Ind.  No  washing  is  now  done 
in  this  district,  but  the  coal  contains  considerable  impurity,  and  the  operators 
are  very  desirous  of  obtaining  information  concerning  the  effectiveness  of  washing 
operations. 

The  charge,  consisting  of  15,250  pounds  of  run-of-mine  coal,  was  passed 
through  rolls  having  an  aperture  of  IJ  inches,  and  then  washed  through  the 
modified  Stewart  jig. 

After  the  coal  was  crushed  it  was  sampled  and  analyzed,  giving  the  figures 
shown  in  the  column  marked  ''Raw  coal''  in  the  accompanying  table.  After 
washing  it  was  again  sampled  and  analyzed,  and  the  results  are  given  in  the 
second  column  of  the  table.  The  refuse  was  also  sampled  and  analyzed,  with  the 
results  shown  in  the  third  column. 

Analyses  of  Indiana  No.  1  coal  and  refuse,  shoiving  effect  of  loashinjg. 


Raw  coal. 

Moisture per  cent. .  11. 40 

Ash .' do....  13.40 

Sulphur do |  2.50 

Weight pounds..'  15,250 

Coal do.. ..I  11,468 


Waabed 
coal. 

Refuse. 

16.72  , 

14.85 

7.16 

31.71 

2.23 

5.68 

12,620  ; 

3,486 

9,600 

1,860 

The  results  of  this  test  are  not  so  satisfactory  as  that  of  Illinois  No.  2,  but 
it  is  probable  that  equally  good  results  could  be  obtained  by  further  trials. 

The  test  of  Indiana  No.  1  is  satisfactory  as  far  as  the  reduction  of  the  impu- 
rities is  concerned,  but  it  is  not  satisfactory  when  it  is  considered  that  about  1,860 
pounds  of  coal  (exclusive  of  moisture  and  ash)  passed  over  with  the  refuse  matter. 
This  is  probably  too  great  a  loss  for  commercial  success,  but,  as  noted  above,  there 
is  every  reason  to  believe  that  washing  could  be  done  that  would  result  in  a  much 
cleaner  coal  and  at  the  same  time  lose  but  little  coal  with  the  refuse  material. 

A  steam  test  was  made  of  this  coal  after  washing,  but  no  test  was  made  on 
the  raw  coal,  so  it  is  impossible  to  say  how  great  the  improvement  was  except 
from  the  chemical  analyses.  The  steam  test  on  the  washed  coal  is  given  in  test 
No.  68,  page  481. 

A  washing  test  was  also  made  on  about  4J  tons  of  this  coal  for  coking  pur- 
poses.    No  test  was  made  in  the  coke  ovens  of    the  raw  coal;  hence  the  coke 
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produced  can  not  be  compared,  but  the  chemical  analyses  show  the  unprovement 
effected,  as  follows: 

AihalyHe8  of  Indiana  No.  1  coaly  shewing  effect  of  washing. 


A»h per  cent. . 

Sulphur do 


Raw  coal.  I^^J^SJ^ 


13.40 
2.50 


7.04 
2.03 


Missouri  No.  3. 

This  sample  consisted  of  a  carload  of  slack  from  the  Mendota  Coal  and 
Mining  Company,  operating  at  Mendota,  Putnam  County,  Mo.  Like  most  of  the 
coals  from  northern  Missouri  and  southern  Iowa,  this  coal  contains  a  large  per- 
centage of  impurities,  and  the  operators  are  desirous  of  improving  their  product. 
It  was  for  this  reason  that  the  above  test  was  undertaken,  as  the  results  of  this  test 
will  doubtless  apply  to  the  entire  field  in  Putnam  County,  Mo.,  and  Appanoose 
County,  Iowa. 

The  sample,  consisting  of  14,000  pounds  of  slack,  was  passed  through  rolls 
having  an  aperture  of  1 }  inches,  and  then  washed  through  the  modified  Stewart 
jig.  After  the  coal  was  crushed  it  was  sampled  and  analyzed,  giving  the  figures 
shown  in  the  column  marked  ^'Raw  coar^  in  the  accompanying  table.  After 
washing,  it  was  again  sampled  and  analyzed,  with  the  results  given  in  the  second 
column  of  the  table.  The  refuse  was  also  sampled  and  analyzed,  with  the  results 
shown  in  the  third  column. 

Analyses  of  Missouri  No.  S  coal  and  refuse^  showing  effect  of  washing. 


Raw  coal.        ^^?®^        Refuse. 


Moisture per  cent. 

Ash do... 

Sulphur do. . . 

Weight pounds. 

Calculated  weight  of  coal do. . . 


14.37 

28.39 

4.30 

14,000 

8,013 


23.90 
7.50 
2.89 


6,045 


23.38 
36.70 
3.94 
4,931 
1,968 


The  refuse  weighed  4,9.31  poimds.  It  appears  from  the  chemical  analysis 
that  the  raw  coal  contained  8,013  pounds  of  coal,  exclusive  of  moisture  and  ash, 
and  the  refuse  1,968  pounds.  The  washed  coal,  therefore,  must  have  been  the 
difference,  or  6,045  pounds. 

The  results  given  above  show  great  improvement.  The  slack  was  extremely 
dirty,  as  the  analysis  shows.     Washing  reduced  the  ash  from  28.39  per  cent  in 
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Summary  ofhriquetting  tests — Continued. 


Briquettes. 


Name  of  sample. 


I 


&     Weight  I 
^^-  jpoimds.' 


General  character. 


»No.2 

Kentucky  No.  1. . . 
Kentucky  No.  2. . . 

Do 

MissouriNo.  1 

Montana  No.  1 ' 

Do 

New  Mexico  No.  1 «. ' 

Do 

Do ....' 

Do 

Do 

New  Mexico  No.  2  o. 

»   Do 

North  Dakota  No.  1 6. .  J 

Do 

Pennsylvania  No.  3 ! 


I    1.13 


6.15 
6.83 
6.83 


6.30 
7.00 


1.13 
1.02 
1.06 


6.83 
6.42 
6.25 
7.00 
7.12 


Do 

Do 

West  Virginia  No.  6. 

Do 

Wyoming  No.  la 

Do 

Do 


1. 174  I 
1.28    I 


7.25 

7.64 
7.40 
6.12 


.98 


I 


6.31 
5.85 
5.40 


Poor 

Good,  slightly  porous 

Very  hard  and  tough 

Excellent 

Pitch  set  too  quick,  porous. . 

Fair,  rather  porous 

Hard,  but  brittle 

Very  unsatisfactory i 

Poor 

Fair, somewhat  crumbly. . . 

do 

Hard  and  strong 

Cnmibly , 

Earthy 

Porous,  little  cohesion 

do 

Ilard  and  tough,  good 


Behavior  on 
weathering. 

.1  Poor 

.   Very  good 

.1 do 

do 


Behavior  on  burning. 


Poor 

Excellent . 

do.... 

....do.... 


Crushing 
strength, 

pounds 
per 

8()uare 

inch. 


Fair I  Good 

Good I do 

do I do 

Crumbles {  Disi  ntegrates . 

do do. 


I 


Fair 

Hard  and  strong | 

Very  good ] 

Good ' 

Fair,  porous , 

When  cold,  hard  and  strong,  i 
Poor 


do ' do 

do 1 do 

Good I  Good 

Disintegrates.!  Disintegrates 

Fair '  Fair 

Disintegrates .  |  Disintegrates 

do do 

Becomes  pit-     Good,  like  anthracite, 
ted.  ' 

do do 

Good ' do 

Very  good t  Very  good 

Good Good 

Fair |  Satisfactory 

Good I  Good 

Fair Fell  to  pieces 


394 


248 
206 
454 


156 
596 


339 


a  Black  lignite. 
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b  Brown  lignite. 
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Alabama  No.  1. 

Lump  coal  from  mine  No.  8,  Ivy  Coal  and  Iron  Company,  Horse  Creek,  Ala. 

Coking  tests  were  made  of  both  washed  and  unwashed  coal  from  this  mine. 
The  first  charge  ot  unwashed  coal  consisted  of  8,000  pounds.  Although  the  coking 
process  was  continued  for  88  hours,  the  coke  was  very  Kght  and  spongy  and  high 
in  ash.  Washing  reduced  the  percentage  of  impurities  but  slightly,  though  it  is 
believed  that  with  more  thorough  washing  a  coke  of  good  quaUty  might  be  obtained. 

Analyses  showing  efftd  of  wojskxng  Alabama  No.  1  coal. 


Raw  coal. 


Washed  coal 
for  coking. 


Ash 

Sulphur I  .76  '  .89 


13.88  I  11.06 

I 


Arkansas  No.  6. 

Slack  coal  from  mine  No.  18,  Western  Coal  and  Mining  Company,  Jenny 
Lind,  Ark. 

About  5  tons  of  this  coal  were  washed  for  coking  purposes.  No  coke  was 
produced,  but  the  chemical  analyses  show  improvement. 

Analyses  showing  effect  of  voashing  Arkansas  No.  6  coal. 


RawnriAi     I  Washed  coal  | 

Raw  coal.    J  for  coking.  I 


Ash I         13.81  ,  6.22 

Sulphur 1.26  1.22 


Illinois  No.  3. 

Run-of-mine  coal  from  mine  No.  3,  Southern  Illinois  Coal  Mining  and  Washing 
Company,  Marion,  111. 

Two  coking  tests  were  made  of  this  coal,  one  of  raw  coal  and  the  other  of  coal 
washed  for  the  purpose.  These  tests  permit  direct  comparison,  and  the  effect  of 
washing  is  plainly  apparent.  The  unwashed  charge  of  9,000  pounds  was  tested  for 
43  hours.  The  coal  lay  dead  in  the  oven,  burning  on  top,  but  did  not  coke.  In 
the  second  test  the  charge  (washed)  consisted  of  13,000  pounds  and  was  burned 
90  hours,  yielding  6,378  pounds  of  coke,  which  was  very  brittle  and  which  broke 
up  in  handling  into  fine-fingered  pieces. 
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The  chemical  composition  of  the  two  grades  of  coal  is  shown  below: 
Analyses  shovniig  effect  of  washing  Illinois  No.  3  coal.         ^ 


Raw  coal  for 
coking. 


10.50 


Washed  coal 
for  coking. 


Ash 

Sulphur I  1.45 


5.86 
1.41 


Illinois  No.  5. 

No.  5  washed  slack  from  mine  No.  1,  Donk  Brothers  Coal  and  Coke  Company, 
Collmsville,  HI. 

The  slack  at  this  plant  is  washed  and  divided  into  five  grades,  and  the  sample 
consisted  of  No.  5,  or  the  smallest  size  produced.  The  particles  of  coal  were  all 
less  than  one-fourth  inch  in  diameter.  The  coal  was  washed  at  the  mine,  but 
owing  to  the  overcrowded  condition  of  the  washery  this  grade  of  coal  carried  a 
considerable  amount  of  impurities,  mainly  as  a  clay  coating  on  the  particles  of 
coal.  As  the  coal  did  not  coke  in  the  condition  received,  a  charge  consisting  of 
about  6  tons  was  re  washed  in  the  New  Century  jig.  The  coal  was  extremely  wet 
when  charged,  chilling  the  oven,  and  no  coke  was  produced.  Although  the  coking 
test  was  not  successful,  the  rewashing  showed  a  distinct  gain  in  the  quality  of  the 
coal,  but  considerable  coal  was  lost  in  the  operation.  Chemical  analyses  show  the 
following  results: 

Analyses  showing  effect  of  toashing  Illinois  No.  5  coal. 


I  First  charge  I  ^,^^1_  'Third  charge 
washed'^    ^^^^^^  I     washed'^ 


Ash '        17.56  !  9.18  |  18.16 

Sulphur I  3.25  2.71  !  3.44 


Indian  TERRrroRY  No.  2. 

Run-of-mine  coal  from  mine  No.  8,  Rock  Island  Coal  Company,  Hartshorne, 
Ind.  T. 

Tests  were  made  on  this  coal  in  the  raw  state  and  also  after  washing.  The 
unwashed  charge  (9,000  pounds)  was  burned  for  66  hours  and  yielded  5,725  pounds 
of  coke  and  580  pounds  of  breeze  and  ash.  The  coke  was  soft,  shattered,  and 
brittle.  The  washed  charge  was  burned  for  65  hours,  producing  a  coke  which 
had  a  fairly  good  ring.     It  showed  considerable  improvement  in  appearance  over 
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the  coke  made  from  unwashed  coal.     The  change  in  the  impurities  is  shown  by 
the  following  analyses: 

Analyses  slewing  effect  of  washing  Indian  Territory  No.  2  coal. 


Coal. 


Coke. 


Raw. 


Washed. 


From  raw  From 

coal .         waflhed  coal . 


Ash 

Sulphur. 


9.99 
1.47 


6.33 
1.43 


14.43 
1.50 


11.12 
1.75 


Indian  Territory  No.  3. 

Run-of-n^ine  coal  from  mine  No.  1,  D.  Edwards  &  Sons,  Edwards,  Ind.  T. 

Coking  tests  were  made  on  this  coal  in  both  the  raw  and  the  washed  condition, 
but  the  washing  does  not  appear  to  have  been  successful  in  reducing  materially 
either  the  sulphur  or  the  ash.  No  coke  was  made  from  either  charge.  The  amount 
of  impurities  is  shown  in  the  following  table : 

Analyses  showing  effect  of  washing  Indian  Territory  No.  3  coal. 


A8h 

Sulphur. 


Raw  coal 
for  coking. 

1 

Washed  coal 
for  coking. 

9.75 
;          3.16 

7.49 
3.20 

Indian  Territory  No.  5. 

Slack  and  pea  coal  from  mine  No.  7,  Western  Coal  and  Mining  Company, 
Lehigh,  Ind.  T. 

About  5  tons  of  this  slack  were  washed  for  a  coking  test,  but  without  satis- 
factory results  so  far  as  the  production  of  coke  is  concerned.  The  improvement 
effected  by  washing  is  shown  in  the  following  analyses: 

Analyses  showing  effect  of  washing  Indian  Territory  No.  6  coal. 


r  ■>  f  .o  mT>ia    Washed  coa  I 
Car  sample.    ,0^  coking. 


Ash \        25.05  8.14 

Sulphur 3. 95  2. 90 
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Iowa  No.  1. 
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Lump  and  fine  coal  from  mine  No.  2,  Anchor  Coal  Company,  Laddsdale,  Iowa. 

About  5  tons  of  this  coal  were  washed  for  a  coking  test,  but  the  coal  was  not 
tried  in  a  raw  condition,  and  consequently  the  coking  test  affords  no  clue  to  the 
improvement  made  by  washing.     The  change  is  shown  by  the  chemical  analyses. 


Analyses  showing  effed  of  washing  Iowa  No,  1  coal. 

Car  sample. 

Washed  coal 
for  coking. 

Ash 

16.0 
5.03 

10.25 

Sulphur 

4.61 

Iowa  No.  2. 


Run-of-mine  coal  from  mine  No.  6,  Mammoth  Vein  Coal  Company,  Hamilton, 
Iowa. 

About  5i  tons  of  coal  were  washed  for  a  coking  test.  The  reduction  of 
impurities  effected  by  washing  was  not  great,  as  shown  by  the  following  analyses: 

Analyses  showing  effect  of  washing  Iowa  No.  2  coal. 


Ash 

Sulphur. 


Washed  coal 
for  coking. 


10.28 
3.93 


Iowa  No.  3. 

Lump  coal  from  mine  No.  4,  Gibson  Coal  Mining  Company,  Altoona,  Iowa. 
About  4i  tons  of  this  coal  were  washed  for  a  coking  test.     The  improvement 
in  the  quaUty  of  the  coal  effected  by  washing  is  shown  in  the  following  analyses: 

Analyses  showing  effed  of  washing  Iowa  No.  3  coal. 


Ash 

Sulphur. 


Car  sample. 


14.01 
6.15 


Washed  coal 
for  coking. 


8.03 
4.55 
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Iowa  No.  4. 


Lump  coal  from  mine  No.  3,  CenterviUe  Block  Coal  Company,  Centerville, 
Iowa. 

A  charge  consisting  of  about  4i  tons  of  this  coal  was  washed  for  coking  pur- 
poses. The  results  were  not  so  satisfactory  as  those  obtained  on  other  samples 
from  this  State.     The  analyses  are  given  below: 

Analyses  showing  effect  of  washing  Iowa  No.  4  coal. 


Ash. 


Sulphur. 


Car  sample. 


10.96 
4.26 


Washed  coal 
for  coking. 


7.14 
3.59 


Iowa  No.  5. 

Run-of-mine  coal  from  mine  No.  1,  Inland  Fuel  Company,  Chariton,  Iowa: 
A  charge  consisting  of  nearly  5  tons  of  this  coal  was  washed  for  a  coking  test, 

but  the  coal  did  not  coke,  although  the  washing  was  fairly  successful  in  reducing 

the  impurities,  as  shown  by  the  following  analyses : 

Analyses  showing  effect  of  washing  Iowa  No.  6  coal. 


Ash 

Sulphur. 


Car  sample. 

12.63 
3.19 


Washed  coal 
for  coking. 


I 


7.93 
2.28 


Kentucky  No.  3. 

Run-of-mine  coal  from  Bamsley  mine,  St.  Bernard  Mining  Company,  Earl- 
mgton,  Ky. 

A  charge  of  about  5i  tons  of  this  coal  was  washed  for  coking  purposes.  It 
produced  a  coke  of  fair  quaUty,  although  only  a  slight  reduction  was  made  in  the 
impurities  by  washing.     The  analyses  are  as  follows: 

Analyses  showing  effect  of  washing  Kentucky  No.  S  coal. 


Ash 

Sulphur. 


Car  sample. 

10.06 
3.52 


Washed  coal 
for  coking. 


7.40 
2.51 
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Kentucky  No.  4. 

Run-of-mine  coal  from  Wheatcroft  Coal  and  Mining  Company,  Wheatcroft,  Ky. 

A  charge  of  about  5i  tons  of  this  coal  was  washed  for  a  coking  test.  Wash- 
ing was  very  much  more  successful  in  this  case  than  in  that  of  the  other  coal  from 
Kentucky.     The  change  is  shown  in  the  following  table: 


Analyses  showing  effect  of  washing  Kentucky  No.  4  coal. 

Car  sample. 

Washed  coal 
for  coldiig. 

Ash 

14.18 
4.54 

6.05 

Sulphur 

2.74 

Missouri  No.  2. 

Run-of-mine  coal  from  mine  No.  8,  Northwestern  Coal  and  Mining  Company, 

Bevier,  Mo. 

A  charge  of  about  6  J  tons  of  this  coal  was  washed  for  a  coking  test,  with  the 

following  result : 

Analyses  showing  effect  of  washing  Missowri  No.  2  coal. 


Car  sample. 


Washed  coal 
for  coking. 


Ash 

Sulphur. 


J         16.86 
J  5.16 


7.76 
3.24 


West  Virginia  No.  2. 

Run-of-mine  coal  from  Pitcaim  mine,  Pitcairn  Coal  Compam',  Clarksburg, 
W.  Va. 

Two  coking  tests  were  made  on  this  sample,  one  of  raw  coal  and  one  of  washed 
coal.  This  affords  an  additional  means  of  judging  of  the  effectiveness  of  washing, 
for  the  coke  shows  improvement  in  the  second  (washed-coal)  test,  which  can  be 
accounted  for  only  by  better  quality  of  coal.     The  following  table  shows  the  results: 

Analyses  showing  effect  of  washing  West  Virginia  No.  2  coal. 


Coal.                   '                   Coke. 

'                                r 

Raw. 

1                    1 
vvasnca.            ^^^          washed  coal. 

Ash 

8.22 

7.05           14.05             11.40 

Sulphur 

3.38 

2.84,          3.40               2.24 

1 
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West  Virginia  No.  3. 

Run-of-mine  coal  from  West  Virginia  Coal  Company,  Richard,  W.  Va. 

This  coal  was  tested  in  the  coke  ovens  in  both  the  raw  and  the  washed  con- 
dition, and  a  comparison  of  results  shows  that  washing  as  done  in  this  test  had 
little  effect.     The  charge  that  was  washed  weighed  about  7 J  tons. 
Analyses  shovoing  effect  of  washing  West  Virginia  No.  3  coal. 


Coal. 


Raw. 


Ash 

Sulphur. 


9.75 
.99 


Washed. 

9.01 
1.18 


Coke. 


From  raw 
coal. 


From 
washed  coal. 


18.18 
.93 


14.27 
1.19 


West  Virginia  No.  4. 

Run-of-mine  coal  from  West  Virginia  Coal  Company,  Bretz,  W.  Va. 

Two  coking  tests  were  made  of  this  coal,  one  in  the  raw  and  one  in  a  washed 
condition.  The  charge  that  was  washed  weighed  about  5  tons.  The  results  of 
these  tests,  as  shown  by  the  analyses  of  the  coal  and  the  coke,  are  not  in  harmony, 
so  it  is  difficult  to  determine  the  effect  of  washing. 

The  analyses  are  as  follows: 

Analyses  showijig  effect  of  washing  West  Virginia  No.  4  »>al. 


Coal. 


Ash 

Sulphur. 


Washed. 


7.53 

.74 


Coke. 


From  raw  From 

coal.         washed  coal. 


11.85 
.82 


13.23 
.69 


The  change  in  the  amount  of  impurities  is  so  slight  that  the  irregularities  of 
sampling  are  probably  responsible  for  the  difference  in  the  figures. 

West  Virginia  No.  5. 

Lump  and  nut  coal  from  mine  of  Davis  Colliery  Company,  Coalton,  W.  Va. 

Three  coking  tests  were  made  of  this  coal,  to  determine  the  possibility  of 
reducing  the  ash  Vo  within  the  limit  of  coke  for  blast-furnace  use.  The  first  charge 
consisted  of  about  6i  tons  of  raw  coal;  the  second  charge  contained  about  7  tons 
of  coal  crushed  in  rolls  to  IJ  inches  in  size  and  then  washed;  the  third  charge 
contained  about  5i  tons  of  coal,  which  was  pulverized  in  the  Williams  mill  and 
washed  in  the  New  Century  jig.  The  results  of  washing  are  shown  by  the  following 
analyses : 


WASHING   TESTS. 
Ajialysea  showing  effect  of  washing  West  Virginia  No.  6  coal. 
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Coal. 


Coke. 


Raw. 


Ash I     10.73 

Sulphur I         .90 


Washed. 


10.28 
.91 


Pulverized 
and  washed. 


8.19 
.79 


From  raw  *       From 
coal.         washed  coal. 


19.14 

.77 


14.81 
.83 


From  pul- 
verized and 
washed  coal. 


15.98 
.82 


West  Virginia  No.  9. 

Run-of-mine  coal  from  Vulcan  mine,  Mount  Carbon  Coal  Company  (Limited), 
Powellton,  W.  Va. 

This  coal  was  tested  in  the  coke  ovens,  in  both  the  raw  and  the  washed  con- 
dition. The  charge  of  raw  coal  contained  about  4 J  tons  and  that  of  washed  coat 
about  6  tons.  The  coke  from  the  washed  coal  showed  much  improvement  over 
that  from  the  unwashed  coal.  The  change  in  composition  is  shown  by  the  fol- 
lowing analyses: 

Analyses  showing  effect  of  washing  West  Virginia  No.  9  coal. 


Ash 

Sulphur. 


Coal. 


Coke. 


Raw. 


8,07 
.83 


Washed. 

4.51 
.90 


From  raw 
coal. 


From 
washed  coal. 


9.15 
.82  ! 


7.38 
.77 


West  Virginia  No.  12. 

Run-of-mine  coal  from  mine  of  the  Big  Sandy  Coal  and  Coke  Company,  Big 
Sandy,  W.  Va. 

Two  coking  tests  were  made  of  this  coal,  one  of  raw  coal  and  one  of  washed  coal. 
The  first  charge  consisted  of  about  5i  tons  of  coal  and  the  second  charge  of  about 
4i  tons.  No  particular  change  was  noted,  in  the  coke  made  from  the  two  grades 
of  coal,  but  the  analyses  show  a  reduction  of  ash,  as  follows: 

Ajudyses  showing  effect  of  washing  West  Virginia  No.  12  coal. 


1                 coal. 

Coke, 

'        Raw.           Washed. 

From  raw 
coal. 

wa 

From 
shed  coal. 

Ash 

6.16              4.90 

9.43 
.83 

7.56 

Sulphur 

.97             1.11 

1.01 
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Acid  sludge,  briqnetting  experiments  with 1412-1413 

Acknowledgments  to  those  aiding 30,979,1389 

Adger  mine,  Ala. ,  coal  from 267 

Air  drying  of  coal,  data  concerning 28^-294 

See  also  Moisture. 

Alabama  coal,  analyses  of 144,196-197, 

•  267-268, 324. 832, 340. 960, 1029. 1827, 1328, 1466 

analyses  of .  diagram  showing 974 

ash  in 144,2tl,1466 

boiler  tests  of 40,321-824.946.960,954,960.966 

comparison  of  producer-gas  tests  and 978 

graphic  log  sheets  of 827,885,848 

briquettes  of ,  analyses  of 196,882,960 

tests  of 829-^86,946,960,954,960,966 

briquettlng  tests  of 1402-1403,1429-1480 

calorific  yalue  of 168,825,828,838,886,841,844,954 

carbon  in 167 

carbon-hydrogen  ratioof 169 

dassiflcationsof 159.161,168.165,167,169 

coke  from,  analyses  of 196,1827.1871 

production  of 1327-1328 

tests  of 1827.1371-1872 

coking  tests  of 40,299.1826-1828 

description  of 84-41.1017 

fixed  carbon  in 161 

fuel  ratio  of 159 

gas  from,  analyses  of 1025,1029,1828 

engine  tests  of 1029-1081 

production  of 1028,1818 

heat  balance  of ,  diagram  showing 975 

hydrogen  in 165 

Impurities  in 144,152,277-278,281,1466 

moisture  in 144,152,281,1466 

nitrogen  in 280 

occurrence  of 34 

producer-gaA  tests  of 40-41. 1017-1081, 1816-1828 

com  parlson  of  boiler  tests  and 978 

graphic  log  sheets  of ". 1027,1825 

production  of 34 

sections  of 36,38 

diagrams  showing 37 

sulphur  in 144,277-278,281.1466 

tests  of,  summary  of 40-41 

washed  sample  of,  analyses  of 196,1466 

washing  testsof 1466 

See  al8o  Ivy  Coal  and  Iron  Co.;  Galloway  Coal  Co. 
Algodones,  N.  Hex. ,  mine  near,  coal  from,  analysis  of.      271 

mine  near,  data  concerning 106-107 

AUis-Chalmera  Co. ,  apparatus  lent  by 25, 813 

engine  of,  view  of 312 

Altoona.  Iowa,  coal  from 76 

American  Arithmometer  Co. ,  apparatus  lent  by 26 

1403— No.  48,  pt  3—06 32 


Page. 
American  Compressed  Fuel  Co. ,  apparatus  lent  by  —       25 

American  Concentrator  Co.,  apparatus  lent  by 25 

American  Fuel  Co.,  lignite  of  (N.  Mex.  No.  1),  analyses 

of 240,748,952 

coal  of,  analyses  of.  diagram  showing 974 

boiler  tests  of 746-753, 948, 952, 958. 964, 970 

briquettes  of.  tests  of . . .  1422, 1425, 1427, 1446, 1447, 1459 

briqnetting  testsof 1446,1447,1467 

classifications  of 159, 161. 163. 165, 167, 170 

heat  balance  of.  diagram  showing 975 

impuritiesin 148,277-278 

nitrogen  in 280 

mine  of,  data  concerning 108-105 

sectionof ^  104 

diagram  showing 99 

American  machine.    See  Briquetting  machine,  Ameri- 
can. 

American  Steel  and  Wire  Co.,  apparatus  lent  by 26 

Ames  coal,  data  concerning 112^113 

Analyses,  proximate,  making  of,  methods  of 189, 190 

Analyses,  ultimate,  diagram  showing 971 

making  of.  apparatus  for  and  methods  of 184-186 

Analyses  of  coal,  diagram  showing 974 

methodsof 179-191 

discussion  of 192-193 

reaultsof 193-276 

summary  of 198-195 

tables  of 144-150.196-275,950-958 

See  cUao  individual  States^  coal  companiet,  etc. 
Analyses  of  lignite.    See  Coal;  Colorado;  Texas;  North 
Dakota;  New  Mexico;  Wyoming  Coal 
Mining  Co. 

Analyses  of  producer  gas 1004-1006 

See  also  individiud  States, 

Anchor  Coal  Co.,  coal  of  (Iowa  No.  1) ,  analyses  of 221 , 

532,951,1840,1469 

coal  of,  analyses  of.  diagram  showing 974 

boiler  testsof 529-686,947,951,956,962,968 

classifications  of 159. 161. 163, 165. 167, 169 

coke  from,  analysis  of 221 

testsof 1840 

coking  testsof 299-800,1840-1341 

heat  balance  of.  diagram  showing 975 

Impuritiesin 146,278.1469 

nitrogen  in 280 

washed  sample  of,  analyses  of 221.1469 

washing  tests  of 1469 

mlneof,  data  concerning 74-75 

sectionof 74 

diagram  showing 77 

Ansted  coal,  data  concerning 12^131 

Antelope  mines,  Wyo.,  data  concerning 139-141 

See  also  Cambria  Fuel  Co. 
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Appliance  Mannfacturing  C^ .,  apparatus  lent  by 28, 812 

Arena,  Henry,  work  of 302 

Arkansas  coal,  analysesof 144- 

145, 19ft-a08, 269, 348, 354, 362, 870, 878. 
886,  394,  402,  412,  950, 1328-1331, 1466 

analysesof,  diagram  showing 974 

ash  in 144-146,281,1466 

boilertestsof 49,345-116,946,960,954,960,966 

graphic  log  sheets  of 351, 

869, 367, 376, 388, 891, 899, 407, 415 

briquettes  of ,  analyses  of 198-201, 

856,874,388.896,404,960 

tests  of 853-876. 

887-406, 946,  960,  954.  960,  966, 

1425-1426, 143&-1436, 1454-1455 

briquettingtestsof .  50, 1402-1407, 1410-1411, 1417, 1430-1436 

calorific  value  of 162- 

163,  349, 352, 357, 360, 365, 368, 373, 376, 881. 
884, 389, 392, 397, 400, 406. 408, 413,  416,  954 

carbon  in 166 

carbon-hydrogen  ratio  of 169 

clasaiflcations  of 159-164,166,169 

coke  from,  analyses  of 200,203,1330,1832 

production  of 1881 

tests  of 1829-1333 

coking  tests  of 299-^00,1328-1382 

description  of 41-50 

fixed  carbon  in 160-161 

fuel  ratio  of 159 

heat  balance  of,  diagram  showing 975 

hydrogen  in 164 

impurities  in 144-145,162,277-278,281,1466 

moisture  in 144-145,162,281,1466 

nitrogen  in 280 

occurrence  of 41-42 

producer-gas  tests  of 60 

production  of 41 

sections  of 42,44,46,48 

diagrams  showing 87 

sulphur  in 144-146,277-278,281,1466 

tests  of,  summary  of 4{^-60 

washed  sample  of,  analyses  of 203, 1466 

washing  tests  of 1466 

See  aUo  Central  Coal  and  Co]ce  Co.;  Western  Coal 
and  Mining  Co. 

Ash  in  coal,  percentage  of 144-150,281-287 

percentage  of,  determination  of 189-190 

variation  in 158-154 

See  aUo  individual  Stales. 

Ashcrof t  Manufacturing  Co. ,  apparatus  1  ent  by 26 

Asphalt,  analyses  of 266-267 

briquetting  expenments  with 1399-1400, 1405-1408 

character  and  sources  of 1399-1400 

Asphalt  Bl,  briquetting  experiments  with 1406 

characterof 1405 

source  of 1399 

Ajq>halt  B2,  briquetting  experiments  with. . .  1405-1406, 1415 

characterof 1399-1405 

source  of 1399 

Asphalt  B3,  briquetting  experiments  with ....  1406-1407, 1414 

character  of 1406 

source  of 1399 

Asphalt  B4,  briquetting  experiments  with 1407 

characterof 1400,1407 

source  of 1399-1400 

Asphalt  B6,  analysis  of 1400 

briquetting  experiments  with. .  1408, 1427, 1438, 1442, 1552 

characterof 1407.1408 

source  of 1400 
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Ajq>haltB6,  analysis  of 1400 

briquetting  experiments  with 1407-1408, 1428. 1452 

character  of 1407-1408 

source  of 1400 

Association  of  American  Portland  Cement  Manufac- 
sturers,  compression  machine  of,  tests 

with 141fr-1424 

Atchison  Goal  Mining  Co..  coal  of  (Kans.  No.  4),  anal- 
yses of 229,628,952,1846 

coal  of,  analyses  of ,  diagram  showing 974 

boiler  tests  of 625-632, 947,962,966,902.968 

classifications  of 169, 161 .  168, 166-167, 169 

coke  from,  analysis  of 229 

tests  of 1347 

coking  tests  of 184^1347 

heat  balance  of,  diagram  showing 975 

impurities  in 278,288 

mine  of,  data  concerning 86 

section  of 87 

Austin  Manufacturing  Co. .  apparatus  lent  by 2S 


Backus  farm, coal  from,analy8i8  of 274 

mine  on,  data  concerning 136 

Barnsley  mine,  data  concerning 92 

See  al$o  St.  Bernard  Mining  Co. 
Barrett  Manufacturing  Co.,  pitch  contributed  by...  26,1891 
fite  ato>  Pitch  A,  B,  C,  D.  and  H. 

Bartlett,  L..  on  railroad  use  of  briquettes 1485-1436 

Bartlett  (C.  O. )  die  Snow  Co..  apparatus  lent  by 25 

Beaumont  petroleum.    See  Petroleum  P2. 

Belle  Sumpter  mine,  coal  of,  analysis  of 268 

data  oonoeming 40 

Belleville  mine,  data  concerning 65, 56 

Berwlnd-White  Coal  Mining  Co.,  coal  of  (Pa.  Kos.  1, 2). 

analysesof 244,780,788.968 

coal  of,  analyses  of,  diagram  showing 974 

boilertestsof 777-792,948,968,958,904,970 

briquettes  of ,  tests  of 1428,1425,1427 

briquettingtestsof 1404-1405 

heat  balance  of,  diagram  showing 975 

mine  of,  data  concerning 111-112 

Bevier  coal ,  data  concerning 98 

Big  Four  Coal  Co..  coal  of,  analysis  of 269 

mine  of,  data  concerning 66 

Big  Sandy,  W.  Va.,  coal  from 184 

Big  Sandy  Coal  and  Coke  C^..  coal  of  (W.  Va.  No.  12), 

analyses  of 260-261, 

916, 924, 968, 1802, 1366, 1478 

coal  of,  analyses  of,  diagram  showing 974 

boiler  tests  of 913-928, 949. 963. 959, 965, 971 

comparison  of  producer-gas  tests  and 978 

briquettes  of,  analyses  of 261,924,963 

tests  of 921-928,949,968,969,965,970 

claasiflcationH  of 159-160, 162, 164. 166, 109 

coke  from,  analyses  of 261, 1387 

tests  of 1366.1387 

coking  tests  of 299,1366-1867 

description  of 1308 

heat  balance  of.  diagram  showing  . . . ' 975 

impurities  in 149,162,278,284,1478 

producer-gas  tests  of 1291-1304, 1316-1823. 1325 

comparison  of  boiler  tests  and 978 

washed  sample  of.  analyses  of 261, 1475 

washing  tests  of 1478 

mine  of,  dataconceming 134-136 

section  of 185 

diagram  showing 127 
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Bildt  automatic  feed,  description  of 984^965 

Binders  for  briquettes,  character  and  cost  of.  1S91, 1394-1401 

tests  with 1401-1459 

See  alto  partieular  bindera. 

Blanche  mine.  Fa.,  coal  of .  analysis  of 272 

data  concerning 112 

Blue  Greek  coal,  data  concerning 40 

Boiler  plant,  description  of 804-812 

detailsof,  figures  showing 807, 808,809. 314 

equipmentof 27 

plan  of,  flgures.showing 808 

See  aJtao  Boilers. 

Boiler  tests  of  coals,  account  of 801-979 

comparison  of  producer  gas  tests  and 976-979 

defects  of 978,976 

graphic  log  sheets  of.    See  individual  States. 

method  of  conducting 315-^19 

plant  for 302-820 

figures  showing 303, 

305, 807. 806, 809, 311, 314, 315, 816, 317 

results  of 319-«79 

calculation  of 319 

summary  of 946-972 

See  aiao  individual  States,  coal  companies,  etc. 

Boilers,  description  of 304 

details  of,  flgurefl.showlng 306. 

307. 308, 309. 311, 814, 315, 316, 317 

Bonanza,  Ark.,  coal  from 41,48 

Boonyllle,  Ind.,  coal  from 64 

Boyd,  B.  B..  work  of 28,179,1326 

Braun,  F.  W.  Co.,  apparatus  lent  by 26, 174, 190 

Breckenridge,  L.  P.,  work  of 28. 302, 1889, 1460 

on  boiler  tests 801-979 

Brets  mine,  W.  Va.,  data  concerning 128-124 

Bridge  &■  Beach  Manufacturing  Co.,  apparatus  lent  by.       26 

Briquettes,  coking  tests  of 1454-1455 

compression  tests  of 1416-1424 

list  ot  coals  made  into 1428-1429 

making  of 1401-1416 

railroad  tests  of 1435-1436 

specific  gravity  of 1426 

strength  of... 1426 

weathering  of 1426-1428 

weight  of 1425 

See  also  individual  States,  coal  companies,  etc. 

Briquetting,  binders  for 1391, 1394-1401, 1402-1413 

coals  tested  for 1413-1416,1428-1455 

cost  of , 1390-1391 

laboratory  tests  in 1401-1416 

object  of 1389-1390 

phintfor 1391-1894 

tests  of 30,1389-1459 

results  of : 30, 1466-1459 

See  also  individual  States,  coal  companies,  etc. 
Bnqucttlng machine,  American,  description  of...  1392-1394 

view  of 1894 

Briquetting  machine,  English,  description  of 1391-1398 

view  of 1392 

Briquetting  plant,  building  for,  view  of 1392 

description  of 1391-1394 

Brookwood  coal,  data  concerning 40 

Bryan,  F.  A.,  work  of 174 

Buck,  Stuart  M. ,  coal  of  ( W.  Va.  No.  10) ,  analyses  of . . .     258, 

900,953,1364 

coal  of,  analyses  of,  diagram  showing 974 

boiler  tests  of 897-904.949,953,959,965,971 

classifications  of 169, 161-162, 164, 166, 169 

coke  from,  analyses  of 258, 1386 
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Buck,  Stuart  M.,  coal  of.  coke  from,  tests  of 1365, 1386 

coking  tests  of 299,1364-1365 

heat  balance  of,  diagram  showing 975 

impurities  in 149,152,278,284 

mine  of,  data  concerning 132-133 

section  of 132 

diagram  showing 127 

Buck  Stove  and  Range  Co. ,  apparatus  lent  by 26 

Buckley,  E.  R.,  work  of 30 

Buildings  used  in  investigation,  description  of 24, 174 

views  of 24, 1392 

Bullock  Electric  Manufacturing  Co. , apparatus  lent  by .       25 

direct-current  generator  of,  description  of 313 

vie^of 312 

Burma,  Ark., coal  from 49 

Burrell ,  G.  A. ,  work  of . . .'. 174 

Burrow8,J.8.,  work  of 28,31,142 


Caledonian  Coal  Co.,  lignite  of  (N.  Mex.  No.  2),  analyses 

of 241,766,764,952 

coal  of,  analyses  of,  diagram  showing 974 

boiler  tests  of 754-768,948,962,958,964,970 

briquettes  of,  analyses  of 241,764,962 

tests  of 761-768, 

948. 952, 968, 964. 970, 1427, 1447-1448, 1459 

briquetting  testa  of 1447,1457 

classifications  of 160, 162, 168, 165, 167, 170 

heat  balance  of,  diagram  showing 975 

Impurities  in 277-278 

nitrogen  in 280 

mine  of,  data  concerning 105-106 

section  of 106 

diagram  showing 99 

California,  asphalt  from.    See  Asphalt  Bl. 

Calorific  values  of  coals,  classification  by 162-164, 178 

determination  of 1 79-184, 195 

table  of 162-164,954-969 

See  also  individual  States. 

Calorimeter,  connections  of,  view  of 306 

description  of 312 

details  of,  figure  showing sie 

sampling  nipple  of,  figure  showing 316 

views  of 180, 304, 306 

Cambria  Coal  Co.,  coal  of  ( Wyo.  No.  2),  analyses  of 268, 

940,963,1313 

coal  of,  analyses  of,  diagram  showing 974 

boiler  tests  Of 937-944, 949, 963, 959, 965, 971 

comparison  of  producer-gas  tests  and 978 

classifications  of 160-161, 163, 165, 167, 170 

description  of 1314 

heat  balance  of,  diagram  showing 975 

impurities  In 150 

nitrogen  in 280 

producer-gas  tests  of 1304-1823,1325 

comparison  of  boiler  tests  and 978 

mine  of,  data  concerning * 139-141 

section  of 139 

diagram  showing 140 

Cameron,  WHliam,  work  of 802 

Campbell.  M.  R.,  on  classifications  of  coal 156-173 

on  field  work  of  investigation 31-155 

work  of 23,28,31 

Canncl  coal,  classification  of 171 

Canyon  City,  Colo.,  coal  of 50-51 

Cur  sampling.    See  Sampling,  car. 
Carbon,  fixed.    See  Fixed  carbon. 
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.Carbon  content,  claasiflcation  by 166-168 

Carbon  Hill,  Ala.,  coal  from 88 

Carbon-hydrogen  ratio,  classification  by 168-171 

Carter  coal,  data  concerning 40 

Cartenrille  coal,  data  concerning 57 

Casper,  Wyo.,  asphalt  from.    See  Asphalt  B6. 

Cedar  Coulee  Coal  Co.,  coal  of  (N.  Dak.  No.  2),  analy- 

see  of 243,1199 

coal  of,  analyses  of,  diagram  showing 974 

classifications  of 160, 162, 164-166, 167, 170 

description  of 1200 

heat  balance  of,  diagram  showing 975 

impuritiesin 278 

producer-gas  tests  of 1187-1201. 1816-1828,  L%25 

mine  of,  data  concerning 109-110 

section  of 99 

Centerville  Block  Coal  Co.,  coal  of  (Iowa  No.  4),  analy- 
ses of 224,556,5^,951,1843,1470 

coal  of,  analyses  of,  diagram  showing 974 

boiler  tests  of 553-568,947,951,956,962,968 

briquettes  of ,  analyses  of 224,464,951 

tests  of  . . .  461, 947, 951, 956, 962, 968, 1427, 1443. 1458 

briquettlng  tests  Of 1443,1446 

classifications  of 160, 162-163, 165, 167, 170 

coke  from,  analysis  of 224 

teste  of 1348 

coking  teste  of 1342-1343 

heat  balance  of ,  diagram  showing 975 

impuriUesin 146,1470 

washed  sample  of ,  analyses  of 224,1470 

washing  teste  of 1470 

mine  of,  data  concerning 79-80 

section  of 79 

diagram  showing 77 

Central  Coal  and  Coke  Co.,  coal  of  (Ark.  Nos.  1,  2). 

analysesof ; 198- 

199, 848, 356, 864, 872. 960, 1328, 1329 

coal  uf ,  analyses  of,  diagram  showing 974 

boiler  teste  of 345-376.946,950,954,960,966 

briquettes  of,  analyses  of 196-199, 856, 374, 950 

teste  of 863- 

376, 946, 960, 954, 960, 966, 1430-1431 ,  1468-1469 

briquettlng  teste  of 1402, 1407, 1480-1431, 1466 

classifications  of 169, 161, 168-164, 166, 169 

coking  teste  of 299-300,1328-1329 

heat  balance  of,  diagram  showing 975 

impuritiesin 144-145,152,277,281 

mine  of,  data  concerning 42-46 

sections  of 42, 44 

diagrams  showing 87 

Central  Coal  and  Iron  Co. ,  coal  of,  analysis  of 267 

coal  of,  data  concerning 40 

Central  mine,  Ala. ,  coal  of,  analyslH  of 267 

data  concerning 40 

Chariton,  Iowa,  coal  from 80 

Chatfleld  Manufacturing  Co.,  pitch  contributed  by . .  26, 1391 
See  aim  Pitch  E,  F,  G,  and  H. 

Chelly,  William,  work  of 1389 

Cherokee  coal.    See  Weir-Pitteburg  coal. 

Cherokee  Construction  Co.,  coal  of,  analysis  of 269 

mine  of,  data  concerning 49 

Cherokee  mine,  coal  of,  analysis  of 269 

data  concerning 49 

Chickasaw  mines,  location  and  character  of 8^-89 

See  aUo  Galloway  Coal  Co. 

Chimney  stacks,  description  of 306 

Ghlsholm,  Boyd  &  White  press.    See  Briquettlng  ma- 
chine, American. 


fage. 

Clarksburg,  W.Va.,  coal  from 119 

.Classifications.    See  Coal,  classifications  of. 

Clay,  briquettlng  ezperimente  with 1401, 1418 

Clover  Leaf  Coal  Co.,  coal  of  (111.  No.  6),  analyses  of . . .    211. 

468,950 

coal  of ,  analyses  of ,  diagram  showing 974 

boiler  testeof 465-472,946,950,955,961,967 

classifications  of 169, 161. 163, 166, 167, 170 

heat  balance  of,  diagram  showing 975 

impuritiesin 146 

mine  of,  data  concerning 60-61 

section  of 60 

diagram  showing 53 

Coal,  analyses  of.    See  Analyses  of  coals, 
ash  in.    See  Ash. 
boiler  teste  of.    See  Boiler  teste, 
briquettlng  teste  of.    See  Briquettlng;  Briquettes; 

etc. 
calorific  value  of.    See  Calorific  value. 

carbon  in 166-168 

carbon-hydrogen  ratios  of 168-171 

claasiflcatlons  of 156-173 

by  calorific  value 162-164,173 

by  carbon  content 166-168,173 

by  carbon-hydrogen  ratios 168-170, 173 

by  fixed  carbon  content 15(^162 

by  fuel  ratios 158-159.173 

by  hydrogen  content 164-166 

exception  to 171 

coking  teste  of.    See  Coking  teste;  Coke. 

descriptions  of 84-141 

drying  of 150-153,288-298 

efficiency  of,  relation  of  fixed  carbon  and 972 

relation  of  fixed  carbon  and.  diagrams  show- 
ing  972,973,977 

fixed  carbon  in.    See  Fixed  carbon. 

fuel  ratios  of 168-159 

future  teste  of,  suggestions  for 978. 976 

gas  from.    See  Producer  gas. 

groups  of 172-178 

hydrogen  in.    See  Hydrogen. 
Impurities  In.    See  individtuU  States;  See  aUo  Ash; 
Moiaturo;  Sulphur. 

Investlgatlon'of,  authority  for 28 

buildings  for 24 

viewsof 24,1392 

committee  In  charge  of 23 

reeulteof 29-80 

samples  for 29 

moisture  in.    See  Moisture. 

nitrogen  in 186-187,279-280 

phosphorus  in 189 

producer-gas  teste  of.    See  Producer  gas. 

slack  from,  utilization  of 80.1890-1391 

steaming  teste  of.    See  Boiler  teste, 
sulphur  in.    See  Sulphur. 

volatile  constituente  of 190 

washing  teste  of.    See  Washing  teste. 
See  alto  Lignites;  indMdual  States,  coal  companies, 
etc. 

Coal ,  bituminous 29-80 

classifications  of 157 

conclusions  concerning 29-30 

moisture  in 168 

Coal,  cannel,  classification  of 171 

Coal  fields,  map  showing Pocket. 

Coal  Hill.  Ark.,  coal  from 47 

Coal-testing  plant,  plan  of 27 
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Coal-teeting  plant,  views  of 24,1392 

CkMl-weighlng  appamtus,  view  of 804 

Goalgate,  Ind.T.,  coal  from 78 

Coalton  mine,  W.Va..  data  concerning 124-126 

See  aim  Davis  Colliery  Co. 

Cofleen,Ill.,  coal  from 60 

Coffman,  W.  H.,  coal  of  ( W.  Va..  No.  11),  analyses  of. .    260, 

908,053,1865 

coal  of,  analyses  of,  diagram  showing 974 

boiler  tests  of 90&-012, 949, 953, 960, 965, 971 

classiflcations  of 150-160, 162, 164, 166, 169 

coking  tesU  of 299-300,1865 

heat  balance  of,  diagram  showing 975 

impariUesin 149,162,278,284 

mine  of,  data  concerning 188-184 

section  of 183 

d  lagram  showing 127 

Coke,  analyses  of } 265-266 

chemical  tests  of 1368 

claasesof 1869 

foundry  tests  of,  conditions  of 1867-1871 

results  of 1871-1888 

phoephorusin 279 

samples  of 175 

specific  gravity  of 191 

See  alto  individwU  Statea,  coal  eompanieSt  ftc. 

Coke  breexe,  briquettes  of 1465 

briquettes  of,  experiments  with 1424, 

1425,1428,1452-1453 

Coke-oven  charging  car,  description  of 810 

Coking  tests  of  briquettes 1454-1456 

of  coal 298-300,1326-1867 

See  also  individual  Statea,  coal  eompaniet,  etc. 

Collier.  A.  J. ,  classification  of  coals  by 157-158 

Collinsville,  111.,  coal  from 59 

Colorado  lignite,  analyses  of 145, 204, 420, 960, 1040 

analyses  of,*  diagram  showing 974 

ash  in 145,282 

boiler  tests  of 52-54,417-424,946,960,954,960,966 

comparison  of  producer-gas  tests  and 978 

graphic  log  sheet  of 428 

briquettes  of,  testsof 1426 

briquetting  tests  of 1418,1436 

calorific  value  of 164,421,424,954 

carbon  in iffj 

carbon-hydrogen  ratioof 170 

classifications  of 150,162,164-165,167,170 

description  of 50-64,1081 

fixed  carbon  in 1^2 

fuel  ratioof 159 

gas  from,  analyses  of 1037,1040,1823 

engine  tests  of 1041-1042 

production  of 1038,1818 

heat  balance  of,  diagram  showing 975 

hydrogen  in 155 

impurities  in 145,278,282 

moisture  in 145^  282 

nitrogen  in 28O 

occurrence  of 60-51 

producer-gas  tests  of 52-58, 1081-1042, 1316-1328 

comparison  of  boiler  tests  and 978 

graphic  log  sheets  of 1089,1325 

production  of 50 

section  of gi 

diagram  showing 53 

sulphur  In 145,278,282 

testsof,  summary  of 52-53 

See  aleo  Northern  Coal  and  Coke  Co. 


Pa£& 

Compression  tests  of  briquettes  j 1416-1424 

Congress,  act  of,  authorizing  Investigation 23 

Connellsville  coke,  analysis  of 265-266 

testsof • 1870 

Consolidated  Coal  Co.  (Illinois),  coal  of,  analyses  of . .      205 
ConsoUdated  Coal  Co.,  lignite  of  (N.  Dak.  No.  1), 

analyses  of 242,772,952 

lignite  of,  analyses  of,  diagram  showing 974 

boiler  tests  of 769-776,948,962,958,964,970 

briquettes  of,  tests  of 1448,1469 

briquetting  tests  of 1448,1457 

claasificaUonB  of 160, 162, 164-165. 167, 170 

heat  balance  of,  diagram  showing 975 

impurities  of 278 

mine  of,  data  oonoeming 108-109 

section  of 99 

Consolidated  Coal  and  Iron  Co.,  coal  of,  analysis  of.  267-268 

mine  of ,  data  concerning 40 

Consumers  Lignite  Co.,  lignite  of  (Tex.  No.  2),  analyses 

of 247,1224 

lignite  of,  analyses  of,  diagram  showing 974 

classifications  of 160, 162, 164-165, 167, 170 

heat  balance  of,  diagram  showing 975 

Impuritiesin 148 

producer-gas  tests  of. 1214-1226, 1816-1323, 1825 

nitrogen  in .' 280 

mine  of,  data  concerning 116-116 

section  of 115 

diagram  showing 121 

Ciabapple  mine.  Pa.,  coal  of,  analysis  of 272 

data  concerning 112-118 

Crawford,  John,  Jr.,  work  of 174 

Creosote,  briquetting  experiments  with 1399, 

1404. 1407, 1420, 1425. 1427, 1441-1442 
Crosby  Steam  Gage  and  Valve  Co.,  apparatus  lent  by.       26 

Culbertson,  J.  G.,workof 28,999 

Culm,  utilisation  of 1890-1391 

See  alto  Pennsylvania  Coal  Co. 
Cummings,  R.  W.,  work  of 1000 

r). 

Davis  Colliery  Co.,  coal  of  (W.  Va.  No.  5),  analyses 

of 25^253,852,968.1368,1478 

coal  of,  analysesof,  diagram  showing 974 

boiler  tests  of 84»-857, 949, 953, 959, 966, 971 

classifications  of 159, 161, 163, 165-166, 169 

coke  from,  analyses  of 253,1879-1380 

testsof 1859,1879-1881 

coking  tests  of 299,1858-1860 

heat  balance  of,  diagram  of <r75 

impurities  in 149, 152, 277-278, 288-284, 1478 

nitrogenin 28O 

washed  sample  of,  analyses  of 258, 1478 

wash  ing  tests  of 1472-1473 

mine  of,  data  concerning 124-126 

sectionof 125 

diagram  showing 1 27 

De  Wolf,  F.  W.,  work  of 28,31,142 

Denning,  Ark.,  coal  from 42,47,49 

Dirks,  H.  B.,  work  of 302 

Donk  Brothers  Coal  and  Coke  Co.,  coal  of  (111.  Nos.  4, 5) 

anal  yses  of 209-210, 

452, 460, 950, 1066, 1835, 1467 

coal  of ,  analyses  of ,  diagram  showing 974 

boiler  tests  of 44(M64, 946, 960, 966, 961, 967 

comparison  of  producer-gas  tests  and 978 

briquettes  from,  testsof 1418-1420, 

142^1426, 1437-1488, 1458 
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Donk  Brothera  Ck>al  and  Ck>ke  Co.,  coal  of,  briquetting 

tests  of 140&-1404, 14S7-1488, 1456 

coal  of,  classiflcationB  of 159, 161. 163, 165, 167, 170 

cokinj  tests  of 1385 

heat  balance  of,  diagram  showing 975 

impurities  in 145,278,282,1467 

nitrogen  in 280 

pioducer-gas  tests  of 1057-1068, 1816-1823, 1825 

comparison  of  boiler  tests  and 978 

washed  sample  of,  analyses  of 210,1467 

washing  tests  of 1467  j 

mine  of,  data  concerning 58-60 

section  of 58 

diagram  showing 53 

Drying,  air,  data  concerning 288-294 

See  al»o  Moisture. 

Dunbar,  C.  H.,  coal  of,  analysis  of 274 

mine  of,  data  concerning 136 

K. 

Eames  differential  gage,  view  of 806 

Earlington,  Ky.,  coal  from 91-92 

Eaton  hein,  coal  of,  analysis  of 272 

mine  of,  data  concerning 112-113 

Ecker,  H.  Q.,  workof 1000 

Economy  of  fuel,  percentage  of,  in  gas  engines 29 

Edwards,  D.,  &  Son,  coal  of  (Ind.  T.  No.  3),  analyses 

of 217,516,961,1389,1468 

coal  of,  analyses  of,  diagram  showing 974 

boiler  tests  of 518-^1, 947, 951, 955, 961, 967 

briquettes  of,  tests  of 1439-1440,1458 

briquetting  tests  of 143^1440,1466 

claasiflcatlons  of 159, 161, 163, 165, 167, 169 

coking  tests  of 299,1338-1339 

description  of 285 

heat  balance  of,  diagram  showing 975 

impurities  in 146, 152, 277-278, 284-285, 1468 

nitrogenin 280 

washed  sample  of,  analyses  of 217, 1468 

washing  tests  of 1468 

mine  of,  data  concerning 70-71 

section  of 70 

diagram  showing 65 

Efficiency,  relation  of  flxed  carbon  and 972 

relation  of  flxed  carbon  and,  figures  showing. . .  972,978 

Electric  mine,  Ind.,  data  concerning 64 

See  aim  Scales  (T.  D.)  Coal  Co. 

Electrical  generator,  description  of 313 

view  of 312 

Ellsworth,  J.  W.,  &  Co.,  coal  of,  analysis  of 272 

mine  of,  data  concerning 112-113 

Engelhard,  Charles,  apparatus  lent  by 26, 318 

English  machine.    See  Briquetting  machine,  English. 

Equipment,  description  of ^ 2&-28, 

174-175, 302-814, 961-969, 1881-1894 
See  alto  Boiler  plant;  Briquetting  plant,  etc. 

Eureka  mine.  Pa.,  data  concerning 111-112 

See  (Uw  Berwind- White  Mining  Co. 


FairtMUiks,  Morse  A  Co.,  apparatus  lent  by 26, 308 

Famous  Filter  Co.,  apparatus  lent  by 26 

Fankboner,  B.,  work  and  death  of 26 

Feed-water  tank,  details  of,  figure  showing 39 

Femald,  R.  H..  on  gas-producer  tests 981-1825 

workof 28 


Pii«e. 

Field,  H.  S.,  work  of 1367 

Field  work,  account  of 81-155 

character  of 28-29 

Finleycoal,  data  concerning 112-118,136 

Fire  Creek  coal,  data  concerning 126-128 

Fixed  carbon  content,  classification  by 15$m62 

percentage  of .- 160-162 

relation  of  efficiency  and 972 

diagrams  showing 972, 978 

relation  of  heating  value  and,  diagram  showing . .      977 

Fleming,  Kans.,  coalfrom 83 

Flue-gas  collector,  details  of,  figure  showing 315 

Flue-gas  sampler,  details  of,  figure  showing 817 

Fogarty,  W.J. .workof 1367 

Forms  used,  samples  of 969-998 

Foundry  tests.    See  Coke,  foundry  tests  of. 

Frazer,  P.,  jr.,  classification  of  coals  by 166 

Frost  Engine  Co.,  apparatus  lent  by 25 

Fuel,  economy  of,  in  gas  engine 29-30 

need  for 1889 

Fuel  ratios,  classification  by 156-159 

Fulton, ,  coal  of,  analysis  of 278 

mine  of,  data  concerning 112-118 

Fulton,  John,  workof 1326 

Furnaces,  description  of 304-806 

Gages,  draft,  description  of 312 

Gages,  pressure,  description  of 312 

Galloway  Coal  Co.,  coal  of  (Ala.  No.  1),  analyses  of 197, 

840,960,1029,1328 

coal  of,  analyses  of,  diagram  showing 947 

boilertestsof 387-^4.946.950,954,960,966 

comparison  of  producer-gas  tests  and 978 

classiflcations  of 159. 161, 163, 165, 167, 169 

coking  tests  of 299,1828 

description  of 1017 

heat  balance  of,  diagram  showing 975 

Impurities  in 144,152,277-278,281 

nitrogenin 280 

producer-gas  tests  of 1017-1031, 1816-1828, 1325 

comparison  of  boiler  tests  and 978 

mine  of,  data  concerning 38-39 

section  of 38 

diagram  showing 37 

Gallup,  N.Mex.,  coal  from 103.105 

Gas.    See  Producer  gas. 

Gas  engine,  description  of 987-988 

improvement  in 978-979, 1324 

view  of 986 

Gas-engine  room,  plan  of,  figure  showing 967 

Gas  meter,  view  of 988 

Gas  producer,  description  of 981-989 

figure  showing 984 

steam  used  by,  apparatus  for  determining,  figure 

showing 988 

Gas-producer  tests.    See  Producer-gas  tests. 

Gas  purifier,  figureshowing 986 

Gauley  Mountain  Coal  Co.,  coal  of  (W.  Va.,  No.  8), 

analyses  of 256,884,953,1267,1862 

coal  of,  analyses  of,  diagram  showing 974 

boilertestsof 881-888,948,958,959,965.971 

classifications  of 159,161,168,165,166,168 

coke  from,  analyses  of 266, 266, 1385 

tests  of 1862,1870,1386 

coking  tests  of 299,1862-1863 

heat  balance  of .  diagram  showing 975 
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Gauley  Mountain  Oial  Co. ,  coal  of,  Impurities  in 149, 

162,278,284 
eotti  of,  produccr-gaa  tests  of  . . .  1258-1269, 1316-1823, 1325 

mine  of,  data  concerning 129-131 

sectionof 180  \ 

diagram  showing 127  ' 

Gibson  Coal  Mining  Co.,  coal  of  (Iowa  No.  3),  analyses  , 

of 228,548,961,1342,1469 

coal  of,  analyses  of,  diagram  showing 974 

boiler  tests  of 646-562,947,961,966,962,968 

classifications  of 160, 162. 163, 166, 167, 170 

coke  from,  analysis  of 228 

tests  of 1342 

coking  tests  of 1341-1842 

heat  balance  of ,  diagram  showing 976 

impurities  In 146,1469 

washed  sample  of,  analyses  of 223, 1469 

washing  tests  of 1469 

mine  of,  data  concerning 76-78 

section  of 78 

diagram  showing 77 

Graphic  log  charts 820 

See  alto  individual  States. 

Grate  bars,  details  of ,  figure  showing 809 

steam  jets  under,  figure  showing 816 

Great  Southern  Refining  Co.,  petroleum  of.    See  Petro- 
leum P2. 

Green,  C.  H.,  work  of 802,319 

Grine,  H.  A.,  work  of 1000 

Groves,  J.  W.,  work  of 28,81,142 

Gulf  Refining  Co.,  acid  sludge  from 1412 

asphalt  of.    See  Asphalt  B5. 
petroleum  of.    See  Petroleum  PI. 

H. 

Hagan  mine,  N.  Mez. ,  coal  from,  analysis  of 271 

data  concerning 106-107 

Harman,  J.  J.,  work  of 802 

Hartshome  coal,  data  concerning.... 67,69 

section  of,  diagram  showing 65 

Hawkins,  C.  C.  assistance  of 1889 

Hawkridge,  A.,  oxygen  from 179 

Haworth,  Erasmus,  aid  of 80 

Heat  balance,  diagram  showing 976 

Heating  value,  relation  of  fixed  carbon  and,  curve 

showing 977 

Heine  Safety  Boiler  Co.,  apparatus  contributed  by  —       25 

boiler  of,  details  of,  figure  showing 806 

Henion  d:  Hubbell,  apparatus  lent  by 26 

Henryetta,  Ind.T.,  coal  from 67 

Hillebrand,  W.  F..  tests  by 294-296 

Hoffman,  patent  binder  of,  briquetting  tests  of 1460 

Hohmann  &  Maurer  Manufacturing  Company,  appa- 
ratus lent  by 26,812 

HolmeB.  J.  A.,  work  of 23,1867 

Hoover,  Hans,  coal  of,  analysis  of 274 

mine  of,  data  concerning 136 

Hopewell  coal,  data  concerning 106-107 

Horn,  — ,  coal  of ,  analysis  of * 278 

mine  of,  data  concerning 112-113 

Horse  Creek  coal,  data  concerning 34-36 

Houston  County  Coal  and  Manufacturing  Company, 

lignite  of  (Tex.  No.  1),  analyses  of 246, 

812,953,1211 

lignite  of,  analyses  of,  diagram  showing 974 

boiler  tests  of 809-816,949,963,958,964,970 

briquettes  of,  anal yses  of 812, 963 

tests  of 809-816,949,963,968,964,970 

briquetting  tests  of 1413-1416 

daarificaUons  of 160. 162, 164, 166-167, 170 


Page. 
Houston  County  Coal  and  Manufacturing  Company, 

lignite  of,  description  of 1212 

lignite  of,  heat  balance  of,  diagram  showing 976 

impurities  in .^ 148,278,288 

pruducer-gas  tests  of 1201-1214, 1816-1323, 1325 

mine  of,  data  concerning 114-116 

section  of 114 

diagram  showing 121 

Hoyt,  Tex.,  lignite  from 116 

Hughes,  H.  H.,  apparatus  lent  by •       26 

smoke  preventer  of,  description  of 306 

figure  showing 311 

Huntington  coal,  data  concerning 41-43, 49 

Hutchinson,  — ,  coal  of,  analysisof 274 

mix^eof,  data  concerning 136 

Hydrogen  content,  classification  by 164-166 

loss  of 170-171 

percentage  of 164-166 

See  also  Analyses  of  coal. 


Illinois  coal,  analyses  of ... .  145, 205-211, 428, 436, 444, 452, 460, 
468, 960, 1066, 1066, 1332-1386, 1461-1462 

analysesof,  diagram  showing 974 

ash  in 145,282,1461-1462 

boUer  tests  of 61-62, 426-472, 946, 960, 966, 961, 967 

comparison  of  producer-gas  tests  and 978 

graphic  log  sheets  of 431, 439, 447, 466,463, 471 

briquettes  of,  tests  of 1 418-1420, 1425-1426, 1437-1438 

briquetting  tests  of 62,1403-1404 

calorific  value  of 165, 429, 432, 437, 440, 445, 448, 451, 

466, 461, 464, 469, 472, 956, 1437-1488 

carbon  in 167 

carbon-hydrogen  ratio  of 169-170 

classifications  of 169, 161, 163, 166, 167, 16^170 

coke  from,  analysis  of 207-208,1333-1334 

production  of 1888-1334 

tests  of 1833-1334 

coking  tests  of 62,299-300,1882-1836 

description  of 64-62 

fixed  carbon  in 161 

fuelraUoof 169-160 

gas  from,  analyses  of 1062, 1056, 1063, 1066, 1323 

engine  tests  of 1066-1057,1067-1068 

production  of 1054,1064,1318 

heat  balance  of,  diagram  showing 976 

hydrogen  in 165 

impurities  in 145, 161, 168, 277-278, 282, 960, 1461-1462 

moisture  in 146-161,168,1461-1462 

nitrogenln 280 

occurrence  of 64 

producer-gas  tests  of 61-62, 1042-1068, 1316-1328 

comparison  of  boiler  tests  and 978 

graphic  log  sheets  of 1063, 1066, 1328 

production  of 54 

sections  of 55,57,68,60 

diagrams  showing 58 

BUlphurin 145,277-278,282,1461-1462 

tests  of,  summary  of 61-62 

washed  sample  of,  analyses  of. .  207-208, 210, 960, 1461-1462 

testsof 433-440,946,960,955,961,967,1462,1467 

washing  tests  of 61,1461-1462,1466-1467 

Sofotoo Consolidated  Coal  Co.;  Western  Anthracite 
Coal  and  Coke  Co.;  Southern  Illinois 
Coal  Mining  and  Washing  Co.;  Donk 
Brothers  Coal  and  Coke  Co.;  Clover 
Leaf  Coal  Co. 
Impurities  in  coa).  See  Moisture;  Ash;  Sulphur;  Wash- 
ing tests. 
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Indiana  coal,  analyaes  of 14&-146, 212-23, 269, 476, 484, 492. 

951, 1077, 1091, 1094, 1336-1387, 1463 

ana]yseflof,  diagram showinR 974 

ash  in ^ 145-146,282,1463 

boiler  tests  in 06,473-496,947,961,956,961,967 

comparison  of  producer-gas  tests  and 978 

graphic  log  sheets  of 479,487,496 

brlquelttes  of,  analyses  of 212, 476, 961 

tests  of 47»-480, 

947,951,956,961,967,1420-1421,1426,1438-1439 

briquetting  tests  of 66,1438-1439 

calorific  value  of 163, 477, 480, 485, 488, 493, 496, 955 

carbon  in 167 

carbon-hydrogen  ratio  of 170 

classifications  of 159,161,163,166,167,170 

coke  from ,  anal  yses  of 212, 1336 

production  of 1836 

tests  of 1386 

coking  tests  of 299,1886-1337 

description  of 62-67  | 

fixedcarbonin 161  | 

fuelratioof 160-160  | 

gas  from,  analyses  of 1074,1077,1088,1091,1094,1323  I 

engine  tests  of 1078-1079,1095-1098  I 

production  of 1076,1090,1318 

heat  balance  of,  diagram  showing 975 

hydrogen  in 165 

impuritiesin 146,146,151,158,278,282,1463 

moisture  in 145-146,161,158,282,1468 

nitrogenin 280 

occurrence  of 62-68 

producer-gas  teste  of 66-67, 1068-1098, 1316, 1823 

comparison  of  boiler  teste  and 978 

graphic  log  sheete  of 1075, 1069, 1325 

production  of 62-63 

sectionsof 63-64 

diagrams  sho  win  g 65 

sulphurin 66,146-146,278,282,1463 

teste  of,  summary  of 66-67 

washed  sample  of,  analyses  of 212, 484, 951, 1468 

teste  of 478-488, 947, 951, 955, 961, 967, 1463-1464 

washingtesteof 66,1463-1464 

See  also  Woolley  (J.)  Coal  Co. ;  Scales  (T.  D.)  Coal  Co. 
Indian  Territory,  asphalt  of.    See  Asphalt  B4. 

Indian  Territory  coal,  analyses  of 146,214-220, 

500, 508, 516, 524, 951, 1109, 1120, 1388-1889, 1468 

analyses  of,  diagram  showing 974 

ash  in 146,282,286,1468 

boiler  teste  of 73,497-528,947,951,956,961,967 

comparison  of  producer-gas  teste  and 978 

graphic  log  sheete  of 608,611,619,527  \ 

briquettes  of,  teste  of 1420-1421, 1425, 1489-1443 

briquetting  teste  of 73-74, 

1404-1406, 140»-1410, 1427, 1439-1443 
caloriJic  value  of.  163, 601. 504, 609, 512, 517, 520, 526, 528, 965 

carbon  in 167 

carbon-hydrogen  retioof 169 

classifications  of 159, 161, 168, 166, 167, 169 

coke  from,  analyses  of ^ 216,1338 

production  of 1338 

tests  of 1338 

coking  tests  of 73,299-300,1337-1340 

description  of 67-74,1121 

fixed  carbon  in 161 

fuel  ratio  of 159 

gas  from,  analyses  of 1106,  U09, 1117, 1120, 1323 

engine  teste  of 1109-1111,1122 

production  of 1108,1118,1318 


Pacsk 
Indian  Territory  coal,  heat  balance  of,  diagram  show- 
ing       975 

hydrogen  in 165 

impurities  in 146, 161-162, 277-278, 282, 286, 1468 

moisture  in 146,161-152,282,286,1468 

nitrogen  in .      280 

occurrence  of 67 

producer-gas  teste  of ^3, 1098-1122, 1316-1 323 

comparison  of  boiler  teste  and 978 

graphic  log  sheete  of 1107,1119,1825 

production  of 67 

sections  of 68, 69, 70, 71 

diagrams  shoMring 66 

sulphurin 146,277-278,282,286,1468 

teste  of,  summary  of 73-74 

washed  sample  of,  analyses  of 216-217, 1468 

washingtesteof 1467-1468 

See  al9o  Whitehead  Coal  Mining  Co.;  Rock  Island  Coal 
Co.;  Edwards,  D.,  &  Son  Coal  Co.;  Western 
Coal  &  Mining  Co.;  Southwestern  Develop- 
ment Co. 

Injectors,  description  of 907-808 

Inland  Fuel  Co.,  coal  of  (Iowa  No.  5),  analyses  of 225, 

572,961,1344,1470 

coal  of,  analyses  of,  diagram  showing 974 

boiler  teste  of 569^76,947,951,966,962,968 

classifications  of .  169, 161, 163, 166-167, 170 

coking  teste  of 134^1344 

heat  balance  of,  diagram  showing 975 

impuritiesin 146,1470 

washed  sample  of,  analyses  of 225. 1470 

washing  teste  of 1470 

mine  of,  data  concerning 80-81 

section  of 77 

Inland  mine,  data  concerning 80 

Investigation,  authorityfor 28 

Iowa  coal,  analyses  of 146, 221-225, 270, 632, 540, 548, 

566, 564, 572, 951, 1180, 1340-1844, 1469-1470 

analysesof,  diagram  shoeing 974 

ash  in 81,146,282,1469-1470 

boiler  teste  of 81-82, 629-576, 947, 951, 966, 962, 968 

graphic  log  sheete  of 586, 543, 551, 569, 667, 576 

briquettes  of ,  analysesof 224,464,951 

teste  of 461,947,951,966,962,968,1427,1448 

briquetting  teste  of 73-74,1443 

calorific  value  of 163,533,636,541, 

544, 549, 66(2, 557, 560, 665, 568, 573, 676. 960 

carbon  in 167 

carbon-hydrogen  ratio  of 169-170 

classifications  of 159, 161-163, 166-167, 169-170 

coke  from,  analyses  of 221, 223-224, 1340, 1342-134S 

production  of 1340-1843 

teste  of 1340,1342-1348 

coking  teste  of 81-82,299,800,1340-1344 

description  of •74-82,1181 

fixed  carbon  in 161-162 

fuelratioof 169-160 

gas  from,"analyBe8  of 1127,1180,1323 

engine  teste  of 1181-1132 

production  of 1128, 1318 

heat  balance  of,  diagram  showing 975 

hydrogen  in '. 165-166 

.    impurities  in 81, 146, 151, 168, 278, 282, 1469-1470 

moisture  in 81,146,151,168,282,1469-1470 

nitrogenin 280 

occurre  nee  of 74 

producer-gas  teste  of 82, 1 122-1 132, 1S16-1383 

graphic  log  sheete  of 1129,1326 
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Iowa  coal,  production  of 74 

sectlonaof 74,76,78,79 

diagrams  showing 77 

sulphur  In..! 81-82,146,278,282,1469-1470 

tests  of.  summary  of 81-82 

washed  sample  of,  analjrses  of 219, 221-225, 1469-1470 

waahing  tests  of 81,1469-1470 

See  <U»o  Anchor  Goal  Co. ;  Mammoth  Vein  Coal  Co. ; 
Qlbson  Coal  Mining  Co.;  Centervllle 
Block  Coal  Co.;  Inland  Fuel  Co. 
Ivy  Coal  and  Iron  Co.,  coal  of  (Ala.  No.  1),  analyses  of.      196 

324,882,950,1327,1466 

coal  of,  analyses  of,  diagram  showing 974 

boiler  tests  of 821-4»6,946,960,964,960,966 

briquettes  of,  analyses  of 196,950 

teatsof 829-386, 

946, 950, 964, 960, 966, 1429, 1480, 1458 

briquetting  testa  of 1402-1408, 1429-1430. 1456 

dasBiflcatlons  of 159, 161, 163, 165, 167, 1 69 

coke  from,  analyses  of 196,1371 

teatsof 1327,1371 

coking  tests  of 299,1826-1327 

heat  balance  of ,  diagram  showing 975 

impuriUesin 144,152,277-278,281,1466 

nitrogen  in 280 

washed  sample  of,  analyses  of 196,1466 

washing  tests  of 1466 

mine  of,  data  concerning 35-88 

section  of i 36 

diagram  showing 37 


J. 


Jagger  coal,  data  concerning 88 

Jenny  lind,  Ark.,coalfrom 41,48-47,49 

Johns  mine,  Ala.,  coal  from,  analysis  of 267 

data  concerning 40 

Johnson  ( William)  &  Sons,  apparatus  lent  by 25, 1891 

Jumbo  mine,  Wyo.,  data  concerning 139-141 

K. 

Kansas,  petroleum  of.    See  Petroleum  PS. 

Kansas  ooal,  analyses  of 147,226-230,680, 

688, 606, 604, 612, 620, 628, 686, 961, 1139, 1844-1S46 

analyses  of,  diagram  showing 974 

ash  in 147,282-285 

boilertestsof 88,577-640,947,951,966,962,968 

graphic  log  sheets  of 583, 

691, 699, 607, 615. 623. 631, 639 

briquetting  tests  of 1404,1409,1443 

calorific  yalue  of 163, 581, 684, 589, 692, 597, 600, 

605, 60S,  613,  616, 621,  624, 629, 682, 637, 640, 966 

carbon  in 167 

carbon-hydrogen  ratloof 169 

classIficaUons  of 159,161,168,165-167,169 

coke  from,  analyses  of 229,1347 

production  of 1347 

tests  of 1347 

coking  tests  of 88,299,1844-1347 

description  of 82-88,1140 

fixed  carbon  in 161 

fuel  ratio  of 159 

gas  from,  analyses  of 1 126, 1139, 1323 

engine  tests  of 1140-1141 

production  of 1138,1318 

heat  balance  of,  diagram  shovring 975 

hydrogen  in 166-166 
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Kansas  coal,  impurities  in 147, 151-162, 277-278, 282-288 

moisture  in 147,151-162,282-288 

nitrogenln 280 

occurrence  of 82 

producer-gas  tests  of 88, 1182-1141, 1316-1828 

graphic  log  sheets  of 1187, 1325 

.     production  of 82 

sections  of 88,84,86 

diagrams  showing 87 

sulphur  in 147,277-278,282-283 

testsof,  summary  of 88 

washed  sample  of ,  analyses  of 227,606,951 

tests  of 603-608,947,951,962,968 

See  alto  Western  Coal  &  Mining  Co.;  Southern  Coal 
&  Mercantile  Co.;  Atchison  Coal  Mln- 
ingCo.;  Southwestern  Development  Co. 

Kensee,  Ky .,  coal  from 95 

Keufel  &  Esser  Co..  apparatus  lent  by 26,319 

Kentucky  coal,  analyses  of 147, 231-234, 270, 644, 

652, 660, 668, 676, 952, 1153. 1347-1350, 1470-1471 

analyses  of,  diagram  showing 974 

ash  In 147,283,1470-1471 

boilertestsof 95,641-680,948,952,957,968,969 

comparison  of  producer-gas  testa  and 978 

graphic  log  sheets  of 647,666,663,671.679 

briquettes  of ,  analyses  of 232,660,952 

teatsof 657-665, 

948, 952, 957, 963, 969, 1421, 1425, 1427, 1444-1445 

briquetting  tests  of 96,1443-1446 

calorific  value  of 163, 646, 

648, 668, 656, 659, 661 ,  664, 669, 672, 677. 680. 957 

carbon  in 167 

carbon-hydrogen  ratio  of 169-170 

classifications  of 159, 161, 163, 166, 167, 169-170 

coke  from,  analyses  of...  281, 2S&-2S4, 1348-1850, 1872-1878 

production  of 1348-1360 

tests  of 1847,1349,1372-1374 

coking  tests  of 96,1347-1851 

description  of 88-96,1164 

fixed  carbon  in 161 

fuel  ratio  of 169 

gas  from,  analyses  of 1150,1168,1323 

engine  test  of 1164-1156 

production  of 1152,1318 

heat  balance  of,  diagram  showing 975 

hydrogen  in 166 

Impurities  in 147, 161-162. 278, 283, 1470-1471 

moisture  in 147,151-152,283,1470-1471 

nitrogenln 280 

occurrence  of . . ! 89 

producer-gas  testa  of 96-96, 1141-1165, 1316-1823 

comparison  of  boiler  tests  and 978 

graphic  log  sheets  of 1151,1826 

production  of 88 

sections  of 90,91,98,94 

diagrams  showing 87 

sulphur  in 147,278,283,1470-1471 

tests  of,  summary  of 95-96 

washed  sample  of,  analyses  of 233-234, 1470-1471 

washing  tests  of 1470-1471 

See  also  National  Coal  &  Iron  Co.;  St.  Bernard  Min- 
ing Co.;  Wheatcroft  Coal  &  Mining  Co. 

Kingmont  mine,  W.  Va.,  data  concerning 117-118 

See  also  Virginia  &  Pittsburg  Coal  Co. 

Kinner,  Otto,  work  of 28 

Kopak.    See  Asphalt  B2. 

Kreisinger,  H.,  work  of 302,ffl8 

Kuss,  B.H.,  work  of 302 
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Laboratory,  ftnaljtlcal  work  of 17S-274 

analytical  work  of,  apparatus  for 178-179 

methodsof 17^193 

reaultsof 198-274 

brlquettlng  tests  in 1401-1416 

building  for 174 

equipment  of 27-28,174-175,1391-1394 

work  of 174-300 

Laclede  Fire  Brick  Manufacturing  Co.,  brick  con- 
tributed by  25 

Laddadale,  Iowa,  coal  from 74 

Lafayette,  Colo.,  coal  from 61 

Laird,  J.  A.,  work  of 28,999 

Legler,  L.  H..  work  of 28 

Lehigh,  Ind.  T.,  coal  from 71-72 

Lehigh,  N.  Dak.,  lignite  from 108 

Lehigh  ooal  (Ind.  T.),  data  concerning 71-72 

section  of,  diagram  showing 65 

Lehigh  mine,  N.  Dak.,  data  concerning 108-109 

See  aiso  Consolidated  Coal  Co. 

Lignites,  anal  ysee  of 264-265 

briquetting  of 1390 

classification  of 157-158 

conclusions  concerning 29-30 

divisions  of 172-173 

moisture  in 150-153 

See  alto  Coal;  Colorado;  Texas;  New  Mexico;  North 
Dakota;  Wyoming  Coal  Mining  Co. 

Lime,  briquetting  experiments  with 1401, 

1403, 1406-1415, 1427-1428, 1440-1441, 1452 

Log,  forms  for 989-999 

Lord,  N.  W.,  work  of 28,142,180,1826,1889,1460 

on  work  of  chemical  laboratory 174-300 

Louisiana   Purchase    Exposition,    inyestigation    at, 

authority  for 23 

Lummis,C.  W.,  work  of 28,999 

M. 

McAIester  coal,  data  concerning 67,70-72 

McCalley,  Henry,  on  Alabama  coal 35 

McCausIand, ,  coal  of,  analysisof 2Ti 

mine  of,  data  concerning 112-113 

McClure,C.  H.,  workof 302 

McLain's  mine.  Pa.,  coal  from,  analysis  of 272 

data  concerning 112 

McNeil,  John,  asphalt  furnished  by 1400 

McRader,  John,  coal  of,  analysis  of 274 

mi^eof,  data  concerning , 136 

Mahler  curve,  modification  of,  figure  showing 977 

Main  Jellico  Mountain  Coal  Co.,  coal  of,  analysis  of. .      270 

mineof,  data  concerning 95 

Mammoth  Vein  Coal  Co.,  coal  of  (Iowa  No.  2),  analyses 

of 232,269,540,961,1130,1841,1469 

coal  of,  analyses  of,  diagram  showing 974 

boiler  tests  of 587-<544, 947, 961, 966, 962, 968 

claMiflcations  of 160, 162-163, 165, 167, 170 

coking  tests  of 1341 

descripUonof 1181 

heat  balance  of,  diagram  showing 975 

impurlUesin 146,282,1469 

producer-gas  tests  of 112^-1132, 131&-1323, 1325 

washed  sample  of,  analyses  of 222, 1469 

washing  tests  of 1409 

mine  of ,  data  concerning 49,75-76 

section  of 76 

diagiam  showing 77 
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Manifold  mine,  ooal  of,  analysisof 272 

data  concerning 112 

Map  of  United  States  coal  fields Pocket. 

Marion,  111.,  coal  from 56 

Mary  Lee  coal,  data  concerning 34-36 

Matchett,  — ,  ooal  of,  analysisof 273 

mineof,  data  concerning 112-113 

Melting  ratio  of  coke 13es^l370 

Mendota  Coal  and  Mining  Co.,  coal  of  (Mo.  No.  3),  anal- 
yses of 237,724,732,952,1352,1464-1465 

coal  of,  analyses  of,  diagram  showing 974 

boiler  tests  of 721-736,948,962,967,963.909 

coking  testa  of « 13S2 

heat  balance  of ,  diagram  showing 975 

impurities  in 1464-1465 

washed  sample  of,  analyses  of 237, 782, 1464-1465 

tests  of 729-737 

washing  te6t«  of 1464-1465 

refusefrom,  analysisof 287 

mineof,  data  concerning 100-101 

Midland  City,  Ark.,  coal  from 49 

Mildred  mine,  Ind.,  data  concerning 68 

See  also  Woolley  (J.)  Coal  Co. 

Milldale  coal,  data  concerning 40 

Milwaukee  Solvay  coke,  analysis  of 266 

Mine  sampling.    See  Sampling,  mine. 

MisMuri  coal,  analyses  of.  147-148,235,288,271,681, 692,700,708. 
716, 724, 732, 740, 952, 1163, 1351-1352, 1465, 1471 

analysesof,  ^iagnm  showing 974 

ash  in 102,147-148,283.285-287,1465,1471 

boiler  tests  of 102, 681-744, 948, 952, 957, 963. 969 

comparison  of  producer-gas  tests  and 978 

graphic  log  sheets  of.  687, 695, 703, 711, 719, 727, 735, 748 

briquettes  of ,  analysesof 235,692,962 

tests  of 690-«96, 948,952. 957, 963, 969, 1445 

briquetting  tests  of 1445 

calorific  value  of 163,686,688,688,696,701,704, 

709, 712, 717, 720, 726, 728, 738, 786. 741, 744, 957 

carbon  in 167 

carbon-hydrogen  ratio  of 16(kl70 

classifications  of 159, 161, 163, 165-167, 169-170 

coke  from,  analysesof 286,238,1351-1368 

production  of 1351, 13S8 

tests  of 1361.1363 

coking  tests  of 299,1851-1358 

description  of -102  96 

fixed  carbon  in 161 

fuel  ratio  of 169-160 

gas  from,  analyses  of 1160, 1163, 1323 

engine  tests  of 1166-1168 

production  of 1162, 1318 

heat  balance  of,  diagram  showing 975 

hydrogen  in 165-166 

impurities  In . .  102, 147-148, 277-278, 283, 285-287, 1465, 1471 

moisture  in 147-148, 151-162, 168, 283, 285-287 

nitrogen  in 280 

occurrence  of 96 

producer-gas  tests  of 102, 116&-1168, 1816-132S 

comparison  of  boiler  tests  and 978 

graphic  log  sheets  of 1161,1325 

production  of 96 

sections  of 97, 98 

diagrams  showing 99 

sulphur  in 102, 147-148, 277-278, 288, 285-287 

tests  of,  summary  of 102 

washed  sample  of,  analyses  of 285- 

•237, 700, 782, 9«2. 1465, 1471 
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Miwouri  cohI,  washed  sample  of,  teste  of 607-705, 

72^737, 948. 962, 957, 963, 969. 1465 

washing  teste  of 1464-1465,1471 

See  aim  New  Home  Coal  Co.:  Northwestern  Coal 
and  Mining  Co.;  Mendota  Coal  and 
Mining  Co.:  Morgan  County  Coal  Co. 

Moisture,  character  of 170-171 

claariflcation  by 168 

loss  and  gain  of,  in  transit 150-153 

percentage  of 144-160,281-287 

determinaUon  of 189-190. 28S-298 

See  also  indiiHdual  Stales. 

MolameR,  experimente  with,  in  briquetting 1400- 

1401,1410-1412 

Moldenke,  Richard,  on  foundry  teste  of  coke 1867-1388 

work  of 1867 

Monarch  mine,  data  concerning 138-189 

See  also  Wyoming  Coal  Mining  Co. 

Montana  coal,  analyses  of 239,1180,1188 

briquettes  of ,  teste  of 1427,1446 

briquetting  teste  of 1446 

calorific  value  of 168 

carbon  in 167 

carbon-hydrogen  ratio  of 170 

classifications  of 159, 161, 163, 165, 167, 170 

description  of 1181 

fixed  carbon  In 161 

fuel  ratio  of 169 

gas  from,  analyses  of 1178, 1180, 1183, 1828 

engine  teste  of 1184-1187 

production  of 1179,1182,1818 

produce^gas  teste  of 116ft-n87, 1816-1328 

graphic  log  sheete  of 1177.1825 

See  also  Northwestern  Development  Co. 

Moore,  Edward,  work  of 1460 

Mora,  W.Va.,  coal  from 182 

Morgan  County  Coal  Co.,  coal  of  (Mo.  No.  4),  analyses 

of 288,740,962,1862 

coal  of,  analyses  of,  diagram  showing 974 

boiler testeof 787-745,948,962,967.968,969 

claariflcations  of 160-161, 168, 166-167, 170 

coke  from,  analyses  of 238 

testeof 1868 

coking  teste  of 1852-1368 

heat  balance  of,  diagram  showing 975 

impurities  in 148,278,288 

mine  of,  data  showing 101-102 

Morgantown,  W.  Va.,  coal  from  near 120 

Mount,  W.  H.,  work  of 1000 

Mount  Carbon  Coal  Co.,  ooal  of  ( W.  Va.  No.  9),  analyses 

of 269, 892. 968, 1275, 1278, 1289, 1863, 1473 

coal  of,  analyses  of,  diagram  showing 974 

boiler  teste  of 889.890,949,963,969,966,971 

comparison  of  produoer-gas  teste  and 978 

classifications  of .'  169. 161-162, 165, 166, 169 

coke  from,  analyses  of 267 

testeof 1364,1870 

coking  testeof 299,1863-1864 

description  of 1276 

heat  balance  of .  diagram  showing 976 

impurlUesin 149,162,284,1478 

producer-gas  teste  of 1269-1291, 1816-1323, 1826 

comparison  of  boiler  teste  and 978 

washed  sample  of,  analyses  of 267.1473 

washing  teste  of 1473 
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Mount  Carbon   Coal    Co.,  mine   of,   data  concern- 
ing   31-181 

mine  of,  section  of 181 

diagram  showing 127 

Mystic  coal,  data  concerning 79-80,100-101 

National  Coal  and  Iron  Co.,  coal  of  (Ky.  No.  1),  an- 
alyses of  231,644,962,1347 

coal  of,  analyses  of,  diagram  showing 974 

boiler  teste  of 641-660.948,952,957,963,969 

briquettes  of,  teste  of 1427,1444,1469 

briquetting  teste  of 1444-1446,1467 

classifications  of 169, 161, 163, 165, 167. 169 

coke  from,  analyses  of 231,1847 

testeof 1347 

coking  teste  of 1347-1348 

heat  balance  of.  diagram  showing 976 

impuritiesin 147,162,278,283 

mine  of,  data  concerning 89-90 

section  of 90 

diagram  showing 87 

National  Compressed  Fuel  Co.,  apparatus  lent  by 1892 

NelT,  — ,  coal  of,  analysis  of 274 

mineof,  data  concerning 136 

New  Century  Jig,  character  of 1460 

view  of 1460 

New  Home,  Mo.,  coal  from 97 

New  Home  Coal  Co.,  coal  of  (Mo.  No.  1 ),  analyses  of . . .    286 

684, 692, 700, 962. 1464-1466 

coal  of,  analyses  of,  diagram  showing 974 

boiler  teste  of 681-704, 948, 962, 967, 968, 969, 1466 

briquettes  of,  analyses  of 236,692,962 

teste  of 690-696, 948, 962, 957, 968, 969, 1446, 1459 

briquetting  teste  of 1445,1457 

classifications  of 159, 161, 163, 165, 167, 169 

coke  from,  teste  of 1361 

coking  testeof 1465 

heat  balance  of,  diagram  showing 976 

impuritiesin 147, 162, 2n,  1464-1466 

nitrogenin 280 

washed  sample  of,  analyses  of.  236, 700, 962, 1464-1465 

testeof 697-706,948.952,967.968,969 

washing  teste  of 1464-1465 

mineof.  data  concerning 97-98 

section  of 97 

diagram  showihg 99 

New  Mexico  lignite,  analyses  of 148, 

240-241, 271, 279, 748. 756. 764, 962 

analyses  of,  diagram  showing 974 

ash  in 148 

boiler  teste  of 746-768,948,962,958,964.970 

graphic  log  sheete  of 751, 759, 767 

briquettes  of,  analyses  of 241,764,952 

testeof 761- 

768, 948, 962, 958. 964, 970, 1422. 1425, 1427, 1446-1448 

briquetting  teste  of 107,1446-1447 

calorific  value  of 168, 749, 762, 757, 760, 766, 768,  q68 

carbon  in 167 

carbon-hydrogen  ratio  of 170 

classifications  of 159,161-163,165,167,170 

description  of 103-107 

fixed  carbon  in 161 

fuel  ratio  of 160 
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New  Mexico  lignite,  heat  balance  of,  diagram  showing.      975 

hydrogenin 166 

Impurities  In 148,158,277-278 

moisture  in 148,168 

nitrogenin 280 

occurrence  of 103 

producer-gas  tests  of 107 

production  of 108 

sections  of 104,106 

diagrams  showing 99 

sulphurin 148,277-278 

tests  of ,  summary  of 107 

See  also  American  Fuel  Co.;  Caledonian  Coal  Co. 
New  River  Smokeless  Coal  Co.,  coal  of  ( W.  Va.  Nos.6, 7), 

analyses  of 254-265, 

860, 868, 876, 963, 1266, 1360, 1861 

coal  of,  analyses  of,  diagram  showing 974 

boiler  tests  of 868-880,949,963,959,965,971 

briquettes  of,  test  of  . . .  1427, 1428, 1460-1451, 1468, 1469 

briquetting  tests  of 1460-1451, 1463, 1457 

classiflcations  of 169, 161-162, 164, 166, 169 

coke  from,  analyses  of 254,266,1881-1883 

tests  of 1860,1361,1381-1884 

coking  tests  of 299,1369-1362 

description  of 1267 

heat  balance  of,  diagram  showing 976 

impurities  in 149, 162, 2n-278, 283-284 

nitrogenin 280 

producer-gas  tests  of 1248-1258, 131&-1828, 1325 

mine  of,  data  concerning 126-129 

sections  of 126.128 

diagrams  showing 127 

Nitrogen  in  coal,  percentage  of 186-187, 279-280 

See  aUo  Analyses  of  coal. 

Nordenson,C.O.,'Workof 28,999 

North  Dakota  lignite,  analyses  of. . .  242-248, 264, 772, 962. 1199 

analyses  of ,  diagram  showing 974 

boiler  tests  of Ill,  769-776, 948, 962, 968, 964, 970 

graphic  log  sheet  of 776 

briquettes  of,  tests  of 110,1448 

briquetting  tests  of 110,1448 

calorific  value  of 164,773,776,968 

carbon  in 167 

carbon-hydrogen  ratio  of 170 

classifications  of 160, 162, 164-165, 167, 170 

description  of 107-111,1200 

fixed  carbon  in 162 

fuel  ratio  of ^ 160 

gas  from,  analysis  of 1196, 1199, 1823 

engine  tests  of 1201 

production  of 1198,1318 

heat  balance  of,  diagram  showing 976 

hydrogenin 165 

Impurities  in 111,278 

moisture  in Ill 

occurrence  of 107-108 

producer-gas  tests  of 110-111, 1187-1201, 1316-1323 

graphic  log  sheet  of 1197,1326 

production  of 107 

section  of,  diagram  showing 99 

sulphur  in 278 

tests  of,  summary  of 110-111 

See  also  Consolidated   Coal    Co.;    Cedar   Coulee 
Coal  Co. 
Northern  Coal  and  Coke  Co.,  lignite  of  (Colo.  No.  1), 

analyses  of 204,430,950,1040 

lignite  of,  analyses  of,  diagram  showing 974 
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Northern  Coal  and  Coke  Co.,  lignite  of,  boiler  tests 

of 417-425,946,960,954,960,966 

lignite  of,  briquettes  of,  tests  of 1426, 1486, 1458 

briquetting  tests  of 1413,1436,1466 

classiflcations  of 159, 162. 164-166, 167, 170 

description  of 1081 

heat  balance  of,  diagram  showing 975 

impurities  in 145,278,282 

nitrogenin 280 

producer-gas  tests  of 1031-1042, 1316-1328, 1325 

mine  of,  data  concerning 51-62 

section  of 51 

diagram  showing 63 

Northwestern  Coal  and  Mining  Co.,  coal  of  (Mo.  No.  2), 

analysesof 236, 

286, 708, 716, 952, 1163, 1165, 1367, 1471 

coal  of,  analyses  of,  diagram  showing 974 

boiler  tests  of 706-720,948,952,957,968,969 

comparison  of  producer-gas  tests  and 978 

classifications  of 160-161, 163. 16^167, 170 

coke  from,  analyses  of 236 

coking  testa  of 299,1361-1362 

description  of 285 

heat  balance  of,  diagram  showing 975 

Impurities  in 148,278,283,285-287,1471 

producer-gas  test«  of.- 1165-1168, 1316-1323, 1326 

comparison  of  boiler  tests  and 978 

washed  sample  of,  analysis  of 286, 1471 

washing  tests  of 1471 

mine  of,  data  concerning 98-100 

section  of •. 98 

diagram  showing 99 

Northwestern  Improvement  Co.,  coal  of  (Mont.  No.  1), 

analysesof 239,1180,1188 

coal  of,  briquettes  of.  tests  of 1427, 1446, 1469 

briquetting  tests  of 1446,1457 

classifications  of 159, 161 ,  168, 166, 167, 170 

description  of 1181 

Impurities  in 278 

pioducer-gas  tests  of 1168-1187, 1316-1323, 1326 

Nottingham  mine.  Pa.,  coal  of,  analysis  of 272 

data  concerning 1 12 

O. 

O'Fallon,  111.,  coal  from 65-56 

Ohio,  coals  from,  analysesof 112,272 

Ollum,  Frank,  coal  of,  analysis  of 273 

mine  of,  data  concerning 1 12-113 

Orsat  apparatus,  description  of 310 

view  of 806 

Otero  mine,  data  concerning 105-106 

See  alto  Caledonian  Coal  Co. 


Packer,  Harrison  &  O'Connor,  coal  of,  analysis  of 274 

mineof,  data  concerning 136 

Pana  coal,  data  concerning 60 

Parker,  Edward  W.,  Introduction  by 2S-30 

work  of..., 23 

Patterson,  Mary,  coal  of ,  analyses  of 276 

mineof,  data  concerning 136 

Pennsylvania  coal,  analyses  of 244- 

246, 272-273, 780, 788, 796, 804, 953 

analysesof,  diagram  showing 974 

boiler  tests  of 118,777-808,948,968,968,964,970 

graphic  log  sheets  of 788,791,799,807 
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Pennsylvania  coal,  briquettes  of,  analyses  of —  245, 796, 968 

tests  of 7»- 

801, 948, 963, 968, 964, 970, 1428, 1426, 1427, 144»-1460 

briquetting  tests  of 118,1404-1406,1449-1460 

calorific  value  of 162- 

168. 781, 784, 780, 792, 797, 800, 806, 808, 968 

carbon  in 166 

carbon-bydxogen  ratioof 169 

claasiflcationsof 15g-167,169 

description  of 111-118 

fixed  carbon  in 160-161 

fuel  ratio  of 159 

heat  balance  of,  diagram  showing 975 

hydrogen  in 164-165 

occurrence  of Ill 

production  of HI 

sulphur  in 277-278 

Ste  (OsoBerwind-White  Coal  Mining  Ck>.:  Pennsyl- 
vania Coal  Co. 

Pennsylvania  classification,  scheme  of 156-157 

Pennsylvania  Coal  Co.,  anthracite  culm  of  (Pa.  No.  8), 

analysesof 245,796,968 

anthracite  culm  of,  analyses  of,  diagram  showing . .     974 

boiler  testsof 7ga-800,948,968,968,964,970 

briquettes  of,  analyses  of 245,796,958 

tests  of.  798-800, 948, 968, 968, 964. 970, 1449-1460, 1459 

briquetting  tests  of 1449-1460,1457 

claasifications  of 159-160, 16a-164, 166, 169 

heat  balance  of,  diagram  showing 975 

Impuritiesin 278 

sulphurin 278 

Personnel  of  investigation 28- 

29, 174, 302, 999-1000, 1867, 1889, 1460 

Pe8hak,R.E.,workof 1000 

Petroleum,  briquetting  experiments  with 1410 

sources  of 1400 

Petroleum  PI,  briquetting  experiments  with 1427, 1441 

source  of 1400 

Petroleum  P2,  briquetting  experiments  with 1408- 

1410, 1415-1416 

source  of 1400 

Petroleum  P8,  briquetting  experiments  with 1404, 

140^-1409, 1414, 1421, 1425 

source  of 1400 

Phosphorusin  coal,  percentageof 189 

Phosphorus  in  coke,  percentageof 279 

Pltcaim  Coal  Co..  coal  of  (W.  Va..  No.  2),  analyses  of. .    249 

828,968.1355,1471 

coal  of.  analyses  of,  diagram  showing 974 

boiler  tests  of 825^882,949,968,960,966,971 

clasRlficaUons  of 159, 161, 168, 165, 167, 169 

coke  from,  analysesof 249,1375 

testsof 1366,1876-1876 

coking  tests  of 299,1864-1866 

heat  balance  of,  diagram  showing 975 

Impuritiesin 148,152,277-278.288,1471 

nitrogen  in 280 

washed  sample  of,  analyses  of 249, 1471 

washing  tests  of 1 1471 

mine  of ,  data  concerning 11^-120 

section  of 119 

diagram  showing 121 

Pitch,  analyses  of 266-267,1897 

character  and  cost  of 1395-1399 

dtoUllaUonof 1898 

experiments  with,  results  of 1402-1405 

oil  from 1398-1399 

sources  of 1395 
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Pitch  A,  analysis  of 1897 

briquetting  experiments  with 1402- 

1408, 1417, 1426, 1429-1438, 1486, 1489- 
1440, 1446-1446, 144»-1449, 1454-1465 

character  of 1396,1899 

distillation  of 1898 

Pitch  B.analyslsof 1897 

briquetting  experiments  with 1403, 1413-1414, 

1417, 1428, 1425-1427, 1488-1484, 1446, 1449, 1454 

character  of 139^1899 

distillation  of 1896 

Pitch  C,  analysis  of 1397 

briquetting  experiments  with 1403, 1484-1486 

Pitch  D,  analysis  of 1897 

briquetting  experiments  with 1408, 1418, 

1418. 1420, 1422, 1424-1427, 148&- 

1440, 1444,  1446-1447,  1450, 1458 

distillation  of 1896 

Pitch  E,analysisof 1397 

briquettes  with,  character  of 1419, 

1421, 1425-1427, 1437-1488, 1448-1446 

Character  of 1396,1899 

distillation  of 1898 

experiments  with 1408-1404. 1487-1438, 1443, 1444 

Pitch  F,  analysis  of 1897 

character  of 1396 

Pitch  G.  analysis  of 1897 

briquettes  with,  character  of 1420. 1427, 1442 

character  of 1398-1399 

dlstlllaUon  of 1886 

experiments  with 1404,1442 

Pitch  H.  analysis  of .* 1897 

briquettes  with,  character  of 1420, 

1422, 1424-1428, 1486-1489, 1442, 1447, 1451-1468 

character  of 1397 

experiments  with 1438-1489, 1442, 1447, 1461-14f  2 

Pitch  X,  analysis  of 1397 

briquettes  with,  characterof 1427, 

1431-1433, 1487, 1439, 1446-1447 

characterof 1396,1399 

distillation  of 1896 

experiments  with 1404- 

1406, 1412, 1431-1482, 1437, 1439, 1443, 1446-1447 

Pitch  Y,  briquettes  with,  characterof 1427- 

1428,1450-1451,1458 

characterof 1396-1887 

experiments  with 1460-1451 ,  1468 

PltchZ,  characterof 1396 

experiments  with 1406 

Pittsburg-Buffalo  Co.,  coal  from,  analysis  of 272 

mine  of,  data  concerning 112-118 

Pittsburg  coal,  data  concerning 112-118, 117-120, 186 

section  of.  diagram  showing 121 

Pittsburg  Coal  Co.,  coal  of,  analysis  of 272-278 

mine  of,  data  concerning 112-118 

Pittsburg  Meter  Co.,  apparatus  contributed  by 26 

Plant,  description  of 24-28 

planof.  flgureshowlng 27 

See  aUo  Boiler  plant;  Briquetting  plant;  Washery 
plant;  Laboratory,  etc. 

Pocahontas  coal,  data  concerning 188-184 

Pool, R.  P., coal  of,  analyslsof 276 

mine  of,  data  concerning 186 

Poet,  R.H.,  work  of 818 

Powellton,W.Va.;  coal  from 181 

cokefrom,  testsof 1870 

Pratt,  Joseph  Hyde,  on  briquetting  tests 1381^1469 

work  of 28 
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Producer  gft«,aiial78eB  of,  making  of,  apparatus  for.  810-Sll 

analyses  of,  making  of,  method  of 1004-1006 

engine  for.    See  Qbb  engine. 

engine  tests  of.    See  individual  Statea. 

production  of 2^-80 

measurement  of,  diagram  showing 1004 

Producer-gas  plant,  elevation  of,  figure  showing 983 

engine  room  of,  flgureahowing 987 

equipment  of 981-989 

plan  of,  figure  showing 982 

view  of 982 

Producer-gas  tar,  pitch  from 1396-1897 

yield  of 1066,1067,1078,1098,1110. 

1121, 1181, 1212, 1226, 1267, 1268, 1290, 1314 

Producer-gas  tests,  accountof 981-1326 

comparison  of  boiler  tests  and 976-979 

conditionsof 1000-1001 

forms  used  In 989-999 

discussion  of 1001-1017 

log  of,  details  of 1001-1004 

formsof 989-999 

personnel  of 999-1000 

plant  of 981-989 

diagrams  showing 982,963.984,986,987,968 

report  on,  details  of 1006-1017 

formsfor 1089-1099 

results  of 29-80,1017-1326 

stmimaryof 1816-1325 

diagntm  showing 1825 

See  alto  individual  States,  coal  companie$,  etc. 

.Q. 

Qulnnlmont  coal,  data  concerning 126-128 

R. 

Railroads,  test  of  briquettes  on 1485-1436 

Randall,  D.  T.,  work  of 28,302,979 

Raton  coal,  data  concerning 60-^1 

Raven  Mining  Co.,  asphalt  of     See  Asphalt  B2. 

Redstone  coal,  data  concerning 112-118 

Reports,  forms  of 989-999 

publication  of 29 

Results,  summary  of 29-30 

Rheostat,  water,  deserlption  of 814 

details  of,  figure  showing 316 

view  of 814 

Richard  mine,  West  Virginia,  data  concerning 120-128 

Roberts  &8haefer  Co..  work  of 26 

RobinsConveyingBeltCcapparatusoontributedby.  26, 1392 
Rock  Inland  Coal  Co.,  coal  of  (Ind.  T.  No.  2),  analyses 

of 216-216,508,961,1838,1468 

coal  of,  analyses  of,  diagram  showing 974 

boiler  tests  of 506-512, 947, 961, 966, 961, 967 

briquettes  of ,  tests  of 1489,1488 

briquetting  tests  of 1439,1456 

classifications  of 159, 161 ,  168, 165, 167, 169 

coke  from,  analyses  of 216 

tests  of 1838 

coking  tests  of 299,1337-1338 

heat  balance  of,  diagram  showing 975 

impurities  in 146, 162, 277-278, 284, 1468 

nitrogen  in 2S0 

washed  sample  of,  analysis  of 216, 1468 

washing  tests  of 1467-1468 

mine  of.  data  concerning 69-70 

section  of 69 

diagram  showing 65 
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Rogers  coal,  data  concerning 186 

Rosin,  briquetting  experiments  with 1399, 1402- 

1404, 1407-1410. 1414-1416, 1421, 1425. 
1427-1428, 1482-1438, 1440-1441. 1452 

Rush  Run  mine,  dau  concerning 126-128 

See  alto  New  River  Smokeless  Coal  Co. 

Russell  mine,  coal  of,  analysis  of 272 

data  concerning 112 

Rutt,  R.  W.,  work  of 302,317 

S. 

St.  Bernard  Mining  Co.,  coal  of  (Ky.  Nos.  2,3),  analy- 
ses of 232- 

283. 652, 660, 668, 952, 1153, 1848-1849, 1470 

coal  of,  analyses  of,  diagram  showing 974 

boiler  tests  of 651-673,948,952,967,968,969 

comparison  of  producer-gas  tests  and 978 

briquettes  of,  analyses  of 232,660,962 

tests  of 657-^66. 

948, 952, 967. 963, 969, 1421, 1425, 1427, 1444-1446, 1459 

briquetting  tests  of 1404, 1444-1446, 1467. 1469 

classifications  of 159. 161, 163, 165, 167, 170 

coke  from,  analyses  of 233, 1372 

tests  of 1349,1872-1373 

coking  tests  of 1348-1350 

description  of 1164 

heat  balance  of,  diagram  showing 975 

Impurities  in.! 147,278.1470 

producer-gas  tests  of 1141-1165. 1816-1323, 1325 

comparison  of  boiler  tests  and 978 

washed  sample  of,  analyses  of 233, 1470 

washing  tests  of 1470 

mine  of,  data  concerning 91-93 

section  of 91,93 

diagrams  showing 87 

St.  Louis  and  O' Fallon  mine,  data  concerning 55-^ 

See  alao  Western  Anthracite  Coal  Co. 

Samples,  collection  of 29,31-34, 142-144, 175 

comparison  of 82-83,142-154,175,280 

description  of 34,141 

handling  of 17(^-178 

Samples,  mine  and  car,  analyses  of 196-263 

Samples,  uninspected,  facts  concerning 33-d4 

Sampling,  commercial  value  of 142-156 

Sampling,  car,  methods  of 29, 32-38, 143, 175-176 

Sampling,  laboratory,  apparatus  for  and  methods  of . . .      29. 

174-178 

Sampling,  mine,  methods  of 29, 83, 142, 155, 175 

Sauerwein.  A.  E.,  work  of 1870 

Scales,  description  of 308 

Scales  (T.D.)  Coal  Co.,  coal  of  (Ind.  No.  2)  analyses 

of 213,270,492,951,1091.1099 

coal  of,  analyses  of,  diagram  showing 974 

boiler  tests  of 489-496,947,951,955,961,967 

comparison  of  producer-gas  tests  and 978 

briquettes  of,  testa  of \.  1489,1458 

briquetting  tests  of 1439, 1456 

classifications  of 160, 161 ,  163, 166, 167, 1 7b 

heat  balance  of,  diagram  showing 975 

impurities  in 146,282 

producer-gas  tests  of 1079-1098, 181S-1S2S,  1825 

comparison  of  boiler  tests  and 97)^ 

mine  of,  data  concerning 64-66 

section  of 64 

diagram  showing 65 

.Scammon,  Kans.,  coal  from 86 

Scandinavian  Coal  Co.,  Iowa,  mine  of,  data  concern- 
ing   79-80 
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Bchrenk,H.yQn,aaBUtaiiceof 1889,1898 

Scott,  Davis,  mine  of,  coal  from,  analysis  of 272-278 

data  concerniDg 112-118 

Searles  mine,  Ala.,  coal  of,  analysis  of 268 

data  concerning 40 

Sement-Solvay  Co.,  coke  from,  test  of 1370, 1888 

Bewell  coal,  data  concerning 128 

section  of,  diagram  showing 127 

Sheridan,  Wyo.,  coal  of 138 

Simpson  mine,  Colo.,  data  concerning 61-R2 

See  alto  Northern  Coal  &  Coke  Co. 

Sims,  J.  B.,  coal  of.  analysis  of 274 

mlneof,  data  concerning 136 

Slack,  utilisation  of 80,1890-1391 

Sludge,  acid,  brlquetting  experiments  with 1412-1413 

Smith.  C.  H.,  work  of 1889 

Smoky  Hollow  Coal  Co.,  coal  of,  analysis  of 270 

mineof,  data  concerning 81 

Somermeier,  E.  E.,  work  of 28,174,1397,1400 

South  Platte  coal,  data  concerning 60-51 

Southern  Coal  and  Mercantile  Co.,  coal  of  (Kans.  No. 

8),analy8esof 228,612,620,961,1846 

coal  of ,  analyses  of,  diagram  showing 974 

boiler  testa  of 0O9-«24,M7,961,966.962,968 

briquetting  tests  of 1409 

coking  tests  of 1846-1846 

heat  balance  of,  diagram  showing 976 

impurities  in 147,152,277,282,284 

mineof,  data  concerning 8^-86 

section  of 87 

Southern  Illinois  Toal  Mining  and  Washing  Co.,  coal 

of  (HI.  No.  8).  analyses  of 208, 

444,960,1065,1884,1467 

coal  of,  analyses  of,  diagram  showing 974 

boiler  tests  of 441-448,946,960,966,961,967 

comparison  of  producer-gas  tests  and 978 

classifications  of 159, 161, 168, 166, 167, 169 

coke  from,  analyses  of 208 

tests  of 1834 

coking  testsof 299-800,1884-1335 

heat  balance  of,  diagram  showing 975 

impurities  in 145,277-278,282,1467 

nitrogen  in 280 

producer-gas  tests  of 1042-1037, 1816-1828, 1826 

comparison  of  boiler  tests  and 978 

washed  sample  of,  analyses  of 208, 1467 

washing  tests  of 1466-1467 

mineof,  data  concerning 56-57 

section  of 67 

diagram  showing 53 

Southwestern  Development  Co.,  coal  of  (Ind.  T.  No.  6; 

Kans.  No.  5),  analyses  of 220, 

280,636,951,1189 

coal  of,  analyses  of,  diagram  showing 974 

boiler  testsof 63S-«40,947,951,966,962,968 

briquettes  of ,  tests  of 1420- 

1421, 1425, 1427, 1440-1442, 1458 

briquetting  tests  of 1404»- 

1405, 1409-1410, 1440-1442, 1456 

claNsifications  of 169, 161, 163, 165, 167, 169 

heat  balance  of,  diagram  showing 975 

impurities  in 147,278,283 

nitrogen  in 280 

producer-gas  tests  of 1132-1141, 1316-1323, 1825 

mine  of,  data  concerning 73, 86-88 

section  of 86 

diagram  showing 87 
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Spadra  coal ,  data  concerning 41-  4  2, 47-49 

Specific  gravity,  determination  of 191 

of  briquettes,  table  of 1425 

Spindletop  petroleum.    See  Petroleum  PI. 

Springfield  coal,  data  concerning 60 

Stammler,  F.  W.,  on  coking  tests 1326-1367. 1389 

work  of 28 

Standard  Oil  Co.,  asphalt  of.    See  Asphalt  B8. 

Stanton,  F.M.,  work  of 174 

Steam  engine,  description  of 318 

Steam  for  gas  producer,  apparatus  for  measuring,  fig- 
ure showing 988 

Steam  Jets  imder  grate  bars,  figure  showing 315 

Steam  pipes,  description  of 307 

setting  of,  figure  showing 814 

Steam  plant,  description  of 312-813 

Steam-producing  tests.    See  Boiler  tests. 

Steel,  A.  A.,  work  of 28,1389 

Steel  Mill  Packing  Co.,  apparatus  contributed  by 26 

Stewart  jig,  chaiacter  of 1460 

view  of 1460 

Still well-Bierce  ^mith-Vaile  Co.,  apparatus  contrib- 
uted by 26 

Straight  Creek  coal,  data  concerning 89-90 

Straight  Creek  mine,  data  concerning 89 

See  also  National  Coal  and  Iron  Co. 
Sulphur  in  coal,  percentage  of 148-150,281-287 

percentage  of,  determination  of 187-189, 275-278 

variation  in 158 

See  alto  individual  States. 

Summersville  coal,  data  concerning 1S6 

Summit  mine,  coal  of,  analysis  of 271 

data  concerning 102 

Sun  mine,  W.  Va.,  data  concerning 128-129 

See  alto  New  River  Smokeless  Coal  Co. 

T. 

Tanks,  water-weighing,  description  of 309-810 

Tar,  difficulty  with 1080,1031 

yield  of,  during  gas-producer  tests 1056, 1067, 1078, 

1098,1110,1121,1181,1212.1225,1267.1268,1290.1314 

Tar  extractor,  description  of 986-967 

Taylor  pressure  gas  producer,  description  of 981-969 

figure  showing 984 

steam  used  by,  apparatus  for  measuring,  figure 

showing 988 

Telescope,  reading,  view  of 180 

Tennessee  Coal,  Iron,  and  Railroad  Co..  coal  of,  analy- 
sis of 267-268 

data  concerning 40 

Texas,  asphalt  from 1899-1400 

Texas  lignite,  analyses  of 148, 

24&-247, 264-265, 812, 953, 1211. 1224 

analyses  of,  diagram  showing 974 

ash  in 148,283 

boiler  tests  of  809-816,948,963,968,964,970 

graphic  log  sheets  of 815 

briquettes  of,  analysis  of 812, 968 

testsof. 809-«16,949,953,958.964,970 

briquetting  tests  of 116,1406,1410-1416 

calorific  value  of 164,813.816.958 

carbon  in 167 

carbon-hydrogen  ratio  of 170 

classifications  of 160, 162, 164-166, 167, 170 

description  of 113-117.1212,1225 

fixed  carbon  in 162 

fuel  ratio  of ». 160 
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Texas  lignite,  gas  from,  analyses  of .  1206, 1211, 1222, 1224, 132S 

engine  tests  of 1213-1214,1226 

production  of 1210.1238,1318 

beat  balance  of,  diagram  sbowing 976 

bydrogenin 16&-166 

impurities  in 148,228,283 

moisture  in 148,288 

nitrogen  in 280 

producer-gas  tests  of 116-1 17, 1201-1226, 1316-1328 

grepbic  log  sbeets  of 1209,1221.1325 

production  of 118 

sections  of 114,116 

diagrams  sbowing 121 

sulpburin 148,278,283 

tests  of,  summary  of 116^117 

See  aUo  Houston  County  Coal  and  Manufacturing 
Co.;  Consumers  Lignite  Co. 

TbermometeiB,  cup  of,  figure  sbowing 316 

description  of 312 

Tidewater  mine,  Ala. ,  coal  of,  analysis  of 268 

data  concerning 40 

Toensfeldt,  Kurt,  work  of 1000 

Troy,  111.,  ooal  from 58 

Tug  River  coal,  data  concerning 134-136 

XJ. 

Underwood,  Josepb,  work  of 28 

Upper  Frteport  coal,  data  concerning 120-126 


Venaille8,Mo.,coal  from  near 101 

Virginia  and  Pittsburg  Coal  and  Coke  Co.,  coal  of  (W. 

Va.  No.  1), analyses  of..  248,820,958,1236,1353 

coal  of,  analysesof.  diagram  sbowing 974 

boiler  tests  of 817r«24,949,968,959,966,971 

comparison  of  producer-gas  tests  and 978 

briquettesof,  analysesof 248 

briquetting  tests  of 1404,1416 

claasiflcaUons  of 169,161,163,166,167.169 

coke  from ,  analyses  of 248, 1874 

tests  of 1364,1374-1876 

coking  tests  of 299,1868-1354 

beat  balance  of,  diagram  showing 976 

impurities  in 148,162,277-278,283 

nitrogen  in 280 

producer-gas  tests  of 1226-1239, 1816-1328, 1326 

comparison  of  boiler  testsand 978 

mine  of.  data  concerning 117-119 

section  of 118 

diagram  sbowing 121 

Vulcan  mine,  W.  Va. ,  data  concerning 131-182 

See  al9o  Mount  Carbon  Coal  Co. 

Warrior  Coal  Basin,  Ala.,  location  and  cbaracter  of...  34-35 
Warrior  Coal  Co. ,  coal  of,  analysis  of 268 

mineof,  data  concerning 40 

Washington  coal,  data  concerning 112-113 

Washing  tests,  account  of 1460-1473 

plant  for 1460 

Water-weighing  tanks,  description  of 309-310 

detallsof,  figuresbowing 309 

view  of 304 

Waters-Pierce  Oil  Co.,  apparatus  lent  by 86 

Wattsville  coal,  data  concerning 136 

Waugh,  Samuel,  coal  of,  asalysisof 272 

mine  of,  data  concerning 112-113 
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Wax  tailings,  briquetting  experiments  with 1412 

Waynesbuig  coal,  data  concerning 112-113 

Weathering  of  briquettes,  tests  of 1426-1428 

Weaver  mine,  N.  Mex.,  data  concerning lOS-166 

See  alto  American  Fuel  Co. 

Weeks,  H.W.,workof 802,818 

Weidmann,W.  Cworkof 1000 

Weir-Pittsburg  coal,  data  concerning 83 

West  Virginia  coal,  analyses  of 148-149, 248-261,  274-276, 

820,  828,  886,  814,  862,  860,  868,  876,  884. 
892, 900, 908, 916,  924, 953, 1236, 1246. 1256. 
1267, 1276, 1278, 1289, 1802, 1358-1866, 1472 

analyses  of,  diagram  sbowing 974 

ash  in 148-149.288-284 

boiler  tests  of 137.817-928,948.953,959,966,971 

comparison  of  producer-gas  tests  and 978 

graphic  log  sheets  of 823,831,839. 

847, 855, 863, 871, 879. 887, 895, 908, 911, 919, 927 

briquettes  of,  analyses  of 248, 924, 958 

tests  of 921-928,949. 

953, 959. 965, 970, 1423. 1427-1428, 1460-1451, 1468 

briquetting  tests  of ... .  137, 1403-1404. 1416, 144»-1451, 1463 

calorific  value  of . . . .  162-163, 821, 824, 829, 882. 837, 840. 845, 

848, 853, 856, 861, 864, 869, 872, 877, 880, 885, 888, 

893, 896, 901, 904, 909, 912, 917, 920,  925, 928, 959 

carbon  In 166-167 

carbon-hydrogen  ratio  of 169 

classifications  of 159-167, 169 

coke  from,  analyses  of. .  248-250, 253-254, 256-268, 261, 1354- 
1357, 135»-1362, 1864-1366, 1374-1388. 138&-1387 

producUonof 1854-1867,1359-1364,1866 

tests  of. .  1354-1357, 1369-1860, 1362, 1864-1366, 1874-1387 

coking  tests  of 187,299,1858-1867 

description  of 117-187, 1247, 1257, 1268, 1275, 1802 

flxedcarbonin 160-161 

fuel  ratio  of 159 

gas  from,  analyses  of.  1234, 1286, 1244, 1246, 1254, 1266, 1264, 
1267, 1272. 1275, 1278. 1286, 1289, 1800, 1802, 1828 

engine  tests  of 1289. 

1248,1258,1209,1279-1281.1291,1804 

production  of 1285, 

1245, 1266, 1266, 1277, 1288, 1801, 1818 

beat  balance  of ,  diagram  sbowing 976 

hydrogen  in 164-165 

impuritiesin 148-149,162,277-278,288-284 

moisture  in 148-149,162,288-284 

nitrogen  in 280 

occurrence  of 117 

producer-gas  tests  of 187, 1226-1804, 1816-1828 

comparison  of  boiler  tests  and 978 

graphic  log  sheets  of 1283, 

1248. 1263, 1266, 1278, 1287, 1299, 1826 

production  of 117 

secUons  of 118-120, 122-128, 125-128. 180-132, 184-186 

diagrams  showing 121, 127 

sulpburin 148-149,277-278,288-284 

tests  of ,  summary  of 187 

washed  sample  of,  analyses  of 24^261, 257. 1471-1473 

wash Ing  tests  of 1471-1478 

See  aUo  Virginia  and  Pittsburg  Coal  and  Coke  Co.; 
PitcaimCoal  Co.;  West  Virginia  Coal 
Co.;  Davis  Colliery  Co.;  New  River 
Smokeless  Coal  Co.;  Qauly  Mountain 
Coal  Co. ;  Mount  Carbon  Coal  Co. ;  Buck, 
S.  M.;  CoflTman,  W.  H.;  Big  Sandy  Ooal 
and  Coke  Co. 
West  Virginia  Coal  Co..  coal  of  (W.  Va.  Nos.  8,  4), 

analysesof 250-251, 

836.  844, 953, 1246, 1866, 1857, 1472 
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West  Vliginia  Coal  Co.,  cool  of,  analyses  of,  diagram 

showing 974 

boUer  tests  of 888-«48, 949, 963, 959, 966, 971 

comparison  of  producer-gas  tests  and 978 

briquettlng  testa  of 1450 

classlflcations  of 159, 161-163. 165-166, 169 

coke  from,  analyses  of 250-261, 1876-1378 

tests  of 1866-1357, 1376-1879, 1423, 1425, 1427 

coking  tests  of 299,1865-1356 

heat  balance  of,  diagram  showing 975 

Impurities  in 148,152,277-278,283,1472 

nitrogen  in 280 

producer-gas  tests  of 1239-1248, 1316-1823, 1326 

comparison  of  boiler  tests  and 978 

washed  sample  of,  analyses  of 250, 251, 1472 

washing  tests  of 1472 

mine  of ,  data  concerning 120-124 

sections  of 120,122,123 

diagrams  showing 121 

Western  Anthracite  Coal  &  Coke  Co.,  coal  of  (111.  Nos. 

1,2),  analyses  of  206-207. 428, 436, 960, 1332-1333 

coal  of,  analyses  of,  diagram  showing 974 

boiler  tests  of 426-440. 946, 950, 966. 961, 967, 1462 

briquettes  of ,  tests  of 1437,1458 

briquetting  tests  of 1437,1456 

classiflcations  of 160-161, 163, 165, 167, 170 

coke  from,  analysis  of 207 

testa  of 1333 

coking  tests  of 299,1332-1334,1462 

beat  balance  of,  diagram  showing 975 

impurities  in 145, 277-278. 282, 1461-1462 

nitrogen  in 280 

washed  sample  of,  analyses  of 207, 950 

tests  of :...  433-440,946,950,955,961,967 

washing  tests  of 1461-1462 

refuse  from,  analysis  of 207 

mine  of,  data  concerning 55-66 

section  of 56 

•     diagram  showing 53 

Western  Coal  and  Mining  Co.,  coal  of  (Ark.  Nos.  3-6; 
Ind.  T.  Nos.  4. 5;  Kans.  Nos.  1, 2),  analy- 

sesof 200-203, 

218-219.226,227,269,271,380,388,396,404,412,524, 
580,  688,  596.  604,  650, 1120, 1330-1331, 1339, 1344 

coal  of,  analyses  of,  diagram  showing 974 

boiler  tepts  of 377-416,622-528, 

577-608, 94<>-947, 950, 961, 954-956,960-962, 966-968 
briquettes  of,  analyses  of . . . .  200, 201, 388, 396, 404, 950 

tests  of 387-408,946,960, 

964, 960, 966, 1417, 1425, 1426, 1436, 1454, 1456, 1458 

briquettlng  tests  of 1402-1407, 

1410, 1431-1436, 1443, 1456-1457 

Classifications  of 169-161 .  163-164, 166, 169 

coke  from,  analyses  of 200,203 

tests  of 1330,1332 

coking  tests  of 299, 13-29-1332, 1339-1340, 1344-1346 

description  of 1121 

heat  balance  of,  diagram  showing 975 

impurities  in 145-147, 162, 277, 282, 1466, 1468 

nitrogen  in 280 

producer-gas  teste  of 1111-1122, 1316-1323, 1326 

washed  sample  of,  analyses  of 203, 

219, 227, 606, 951. 1466, 1468 

tests  of 603-«08,947,951,956,962,968 

washing  tests  of 1466, 1468 

refuse  from,  analysis  of 219 

contribution  by 26 

140a-No.  48,  pt  3—06 33 
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Western  Coal  and  Mining  Co.,  mine  of,  data  concern- 

Ing 46-49,71-72,83-85,102 

sections  of 46,48,71,83,84 

diagrams  showing 37,66,87 

Westinghouse  Electric  &  Mfg.  Co.,  apparatus  lent  by  .      25, 

174, 1391-1392 

Westinghouse  Machine  Co. ,  apparatus  lent  by 25, 987 

dlrectpcurrent  generator  of ,  view  of 986 

Wbeatcroft,  Ky. ,  coal  from 94 

Wheatcroft  Coal  and  Mining  Co.,  coal  of  (Ky.  No.  4), 

analysesof 234,676,952,1350 

coal  of.  analyses  of,  diagram  showing 974 

boiler  tests  of 674-680,948,962,957,963,969 

classifications  of 169, 161, 163, 166, 167, 169 

coke  from,  analyses  of 234, 1373 

testa  of 1361,1373-1374 

coking  teste  of 1350-1351 

heat  balance  of,  diagram  showing 975 

impurities  In 147,162,278,1471 

washed  sample  of,  analyses  of 234, 1471 

washing  teste  of • 1471 

mine  of,  data  concerning 94-95 

section  of 94 

d  iagram  showing 87 

Whitehead  Coal  Mining  Co.,  coal  of  (Ind.  T.  No.  3), 

analyses  of 214, 500, 951, 1109, 1327 

coal  of,  analyses  of,  d iagram  showing 974 

boiler  teste  of 497-504, 947, 951, 965, 961, 967 

comparison  of  producer-gas  teste  and 978 

classifications  of 169, 161, 163, 166, 167, 169 

coking  teste  of 299-300,1337 

description  of 1110 

heat  balance  of,  diagram  showing 975 

impuritieain 146,277,284 

nitrogen  in 280 

producer-gas  teste  of 1098-1  111,  1316-1323, 1325 

comparison  of  boiler  teste  and 978 

mine  of,  data  concerning 67-69 

section  of 68 

diagram  showing .<. 65 

Wick.J.D.,  on  washing  teste 1460-1473 

work  of 28 

Wilder,  F.  A.,  aid  of 30 

Williams  Patent  Crusher  and  Pulverizer  Co.,  apparatus 

lent  by 25 

Wilton,  N.  Dak. ,  lignite  from ,  analysis  of 264 

Wlndber,  Pa.,  coal  from Ill 

•  Wood,  R.D.&  Co.. apparatus  lent  by 25,981 

work  of 28 

Woodhead,  Henry,  aid  of 1889 

Woolley  (J.)  Coal  Co.,  coal  of  (Ind.  T.  No.l),  analyses 

of 212,476,484,951,1077,1336 

coal  of,  analyses  of,  diagram  showing 974 

boiler  tests  of 473-488, 947, 951, 965, 961, 967, 1463 

comparison  of  producer-gas  teste  and 978 

briquettes  of,  analysesof 212,476,951 

teste  of 478-480, 

947, 961, 956, 961, 967, 1426-1439, 1458 

briquetting  teste  of 1438-1439,1456 

classifications  of '  159, 161, 163. 166, 167. 170 

coke  from,  analysesof 212,1464 

teste  of 1386 

coking  teste  of 1386 

heat  balance  of,  diagram  showing 975 

Impurities  in 145,1468-1464 

nitrogen  in 280 

producer-gas  teste  of . . .  .1068-1079, 1316-1328, 1325 
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WooUey  (J.)  Coal  Co.,  coal  of,  producer-gaa  teats  of. 

compariflon  of  bcUer  testa  and 978  i 

coal  of,  washed  sample  of,  analyses  of 212, 484, 961  | 

teatsof 47a-483,947,951,956,961,967  | 

washing  testa  of 1463-1464  | 

mine  of,  data  oonceming C3-64  ■ 

sectionof 63  | 

diagram  showing 63 

Wootter's station, Tex., coal  from 114  I 

Wyoming,  asphalt  from.    See  Asphalt  B6. 

Wyoming  coal,  analyses  of 150, 2G2, 263, 932, 940, 9&3, 1313 

analyses  of,  diagram  showing 974 

ash  In 150 

boiler  t«stsof 141,929-944,948,963,969,965,971 

comparison  of  producer-gas  test  and 978 

graphic  log  sheets  of 935, 943 

briquettes  of,  tests  of 1424-1425. 1428, 1461, 1462 

briquetting  teste  of 147,1408 

carbon  in 167 

carbon-hydrogen  ratio  of 170 

claasiflcatlons  of 160-167,170 

description  of 137-141,1314 

fixed  carbon  in 161-162 

fuel  ratio  of 160 

gas  from,  analyses  of 1310, 1318, 1323 

engi ne  tests  of 1315 

production  of 1312, 131 8 

heat  balance  of,  diagram  showing 975 

hydrogen  in 165-166 

impurities  in 150-151 

moisture  in 150-151 


Page. 

Wyoming  coal,  nitrogen  in 280 

occurrence  of 137 

producer-gas  tests  of 141, 1304-1323 

comparison  of  boiler  testa  and 978 

graphic  log  sheets  of 1311, 1325 

production  of 137 

sections  of 139 

diagrams  showing 140 

sulphur  in 160 

teste  of,  summary  of 141 

See  aUo  Wyoming  Ck>al  Mining  Co.;  Cambria  Fuel 
Co. 
Wyoming  Coal  Mining  Co.,  lignite  of  (Wyo.  No.  1), 

analysesof 262,982-963 

lignite  of,  analyses  of,  diagram  showing 974 

boiler  teste  of 929-936,^9,953,959,965,971 

briquettes  of,  teste  of. . .  1424, 1425, 1428, 1451- 1462. 1469 

briquetting  teste  of 1408, 1451-1452. 1467 

classifications  of 160, 162, 164. 166-167, 170 

heat  balance  of,  diagram  showing 976 

impurities  In , 150,278 

mine  of,  data  concerning 138-189 

section  of 140 


Y. 


Yale,  KanH.,coal  from . 


84 


Z. 


Zenith,  W.  Va..  coal  from 133 

Zenith  mines,  data  concerning 133-134 

See  also  CofTman,  W.  H. 
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